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CARCINOMA OF THE PANCREAS '' 

EVERETT D KIEFER, MD 

BOSTON 

Piobably no other disease condition is moie vaiiable in its manifesta- 
tions than carcinoma of the pancieas The anatomic position of the 
organ, situated as it is in the center of tlie body cavity in such close 
relationship with so many impoitant structures, makes tumor foimation 
the origin of many striking and confusing syndiomes There are also 
S}mptoms and signs which aie due to the impairment of the external and 
internal functions of the gland, as well as those winch are refeiable to 
the cachexia and tissue necrosis of malignant disease in geneial 

In this paper the records of patients with cancer of the pancreas 
tieated at the Petei Bent Biighain Hosj^ital have been analyzed in 
order to establish, if possible, a definite clinical picture in which the 
various signs and symptoms can be evaluated, to aid in the diagnosis and 
treatment and to further a better undei standing of the etiology, path 
ology and othei broad aspects of the disease 

Of couise, the peifect series of case lecords from the standpoint of 
an analysis made yeais after the lecords have been completed, does not 
exist, but I do not believe that there is available an appreciable numbei of 
case recoids of pancreatic carcinoma more detailed or complete in both 
positive and negative obsei vations than those of the Peter Bent Brigham 
Hospital 

Because of the unceitamty of the diagnosis, only those cases in 
which the diagnosis has been verified by opeiative observation or a? 
autopsy have been included in the senes that is the basis of this paper 
Practically all of the operative diagnoses were made by Dr John 
Homans and Dr David Ciieever of the surgical staff of this hospital 
In all of the recoids of both the medical and the suigical services, J 
was able to find thiity-three pioved cases of caicinoma of the pancreas, 
sixteen of which were cerified by autops}^ and seventeen by exploratory 
Opel ation 

REVIEW or THE LITERATURE 

The literature on the subject is extensive and dates back to the fiist 
description of the condition by Mondiere ^ m 1836 Since then, seveial 


''From the Medical Service of the Peter Bent Brigham Hospital 
1 Mondiere, quoted by Parmentier and Chabral (footnote 11) 
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important papeis have been written which have become classical in this 
subject Among these aie the papers of Da Costa" m 1858, Ancelet" 
in 1864, Bald and Pic^ in 1888, Mirallie® m 1893, Herringham “ in 
1894, Osei ’ 111 1898 and Hulst ® in 1905 Among the papers of more 
lecent yeais aie those of Futchei " in 1919, Speed in 1920 and 
Paimentier and QiabraP^ in 1923 One of the outstanding points in 
the hteiatuie on the subject is the dearth of comprehensive works 
wiitten in English In most of the English systems of medicine the 
space allotted to panel eatic tumors amounts to only a few pages The 
Flench apparently have been particularly interested m the subject 

Caicinoma of the panel eas seemingly seldom occurs in private prac- 
tice, but in the large general hospitals it cannot be classed as a rare 
disease Statistics show that it makes up an appreciable portion of the 
total number of cases of cancer At the General Hospital in Vienna, 
theie weie twent^^-two cases of cancel of the pancreas in 18,069 autopsies 
(Biach) 

Segre found 127 cases m 11,472 postmoitem examinations at Milan, 
Roswell Park found 226 cases of primary carcinoma of the pancreas 
in 53,000 autopsies, Bashford collected 1,000 cases from 84,448 autop- 
sies In 6,000 postmortem examinations at Guys Hospital, there were 
only twenty cases of primary malignant diseases of the pancreas, 
and in tlie first 1,500 autopsies at the Johns Hopkins Hospital theie were 
onl} SIX cases In this disease, as m any othei condition, the incidence 
varies wndel} , this is due chiefly to the types of patients who are treated 
in the particulai hospital Compaiison of these figures is of little value 

2 Da Costa, J M Cancer of the Pancreas, N Am M Clnr Rev 2 883, 
1858, Tr Path Special Phil, 1860, vol 1 

3 Ancelet, E Maladies du pancreas. Pans, 1864, p 53 

4 Bard, L , and Pic, Andrien Cancer primitif du pancreas, Rev de med 
8 257 (April) 1888 

5 Mirallie, C Cancer primitif du pancreas, Gaz d hop Pans 46 889 
(Aug 19) 1893 

6 Hernngham, W P Primary Cancer of the Pancreas, St Barth Hosp 
Rep 30 5, 1894 

7 Oser, L Carcinoma Pankreas, in Nothnagel, H Specielle Pathologic 
und Therapie 18 185, 1898 

8 Hulst, S P L Zur Kenntnis der Genese des Adenokarzinoms und 
Karzinoms des Pankreas, Virchows Arch f Path Anat 180 288 (May) 1905 

9 Futcher, T B Cancer of the Pancreas, Tr A Am Phys 34 284, 1919 

10 Speed, Kellogg Carcinoma of the Pancreas, Am J Med Sc 160 1 
(July) 1920 

11 Parmentier, E, and Chabral, E Les tumeurs solides du pancreas. Nou- 
veau traite de medicine 15 197, 1923 

12 Biach, quoted by Oser (footnote 7) 

13 Park, Roswell, quoted by Mayo-Robson and Cammidge (footnote 16) 

14 Bashford, quoted by McFarland (footnote 17) 

15 Osier, W, and McCrea, Thomas The Principles and Practice of Medi- 
cine, New York, 1923, ed 9, p 590 
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for statistical purposes, because in some localities, such as Vienna, the 
primary and secondary growths are grouped with each other Mayo- 
Robson and Cammidge say that the reports made before 1900 are 
inaccurate because chronic interstitial pancreatitis causing occlusion of 
the common duct was not diff ei entiated McFarland calls attention to 
the inciease m the pathologic diagnosis of carcinoma of the pancreas 
at the expense of the diagnosis of primaiy cancer of the liver, simply 
because in many cases of malignant nodules in the liver, the more careful 
autopsies of recent yeais have disclosed a small piimary growth 
embedded within the panel eas 

About 1 or 2 per cent of the total numbei of cancers aie found in 
the pancreas In 23,611 collected autopsies in Vienna, Biach found 
2,005 cases of carcinoma, twenty-nine of which showed cancer in the 
panel eas either primary oi secondary Eppmger reported nineteen 
cases of pancreatic carcinoma in 308 cases of cancer found in 1,314 
postmortem examinations 

Futcher® reported that of 41,949 patients admitted to the medical 
wards at the Johns Hopkins Hospital, a clinical diagnosis of carcinoma 
of the pancreas was made in fifty-eight cases, of 50,494 patients 
admitted to the medical and surgical waids of the Peter Bent Brigham 
Hospital, the diagnosis was made in fifty-nine cases In geneial, one 
may say that cancer of the pancreas is present in about 0 1 per cent of 
the patients admitted to geneial hospitals 

Of all tumors of the panel eas, carcinoma is most common Other 
foims of tumors aie comparatively lare Of the 132 pancreatic tumors 
reported by Segre,^- 127 were cancer, two, sarcoma, two, cysts, and one 
was syphiloma Mayo-Robson and Cammidge state that new growths of 
the pancreas aie common in dogs 

REPORT OF CASES 

The following aie brief synopses of the symptoms, positive observa- 
tions and lesults in the cases found in the records of the Peter Bent 
Brigham Hospital 

Case I — M F, an Irishman, aged 60, was admitted to the hospital on July 1, 
1913, with the complaint of jaundice His symptoms were a loss of 27 pounds 
(12 2 Kg) in weight beginning six months previous, anorexia and weakness for 
two months, jaundice and some nausea and vomiting for six weeks Jaundice 
was progressive, itching was moderate Epigastric distress and heartburn were 
present Examination showed an enlarged liver, a dilated gallbladder, a small, 
hard mass in the midepigastnum, edema of the legs and dry gangrene of the first 
and fourth toes of the left foot The blood pressure was systolic, 170 , diastolic, 
130 The temperature was 100 F Examination of the blood revealed erythro- 

16 Majm-Robson, A W , and Cammidge, P L The Pancreas, Its Surgery 
and Pathology, Philadelphia and London, 1907, p 512 

17 McFarland, Joseph Surgical Patholog}^ Philadelphia, 1924, p 592 
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cytes, 3,300,000, hemoglobin, 55 per cent Occult blood was found in the stools 
and gastric contents Bile was absent in the stools 

Cholecystostomy was performed on July 14 by Dr Cheever He reported 
“On incising the peritoneum there was a gush of several ounces of straw colored 
fluid The liver was enlarged, the gallbladder was thin and dilated, and the head 
of the pancreas was found to contain an irregular nodular mass in the region of 
common bile duct The mass was quite hard and about the size of a small hen’s 
egg Glandular metastases were not made out, but on the upper surface of 
the left lobe of the liver there was a rounded elevation, about the size of a half 
dollar No other nodules were discovered in the liver The stomach, duodenum 
and transverse colon were normal ” The patient died on Jul> 22, 1913 Autopsj' 
was not performed 

Case 2 — H R , an American woman, aged 52, w as admitted to tiie hospital 
on Aug 18, 1913, with the complaint of jaundice and vomiting The sjmptoms 
were a loss of 40 pounds (181 Kg) beginning about four months previouslj, 
progressive jaundice for three months, attacks of abdominal pain and vomiting for 
two and one-half months The vomitus consisted of large amounts of old food 
The pain, which began m the right upper quadrant and radiated to the midepigas- 
trium, had become less severe The skin itched Examination showed a dilated 
stomach, enlarged liver and a small, deep mass in the midcpigastrium The 
temperature was 99 F , the leukocyte count was 10,700, and free hydrochloric 
acid was present in the gastric contents The stools contained no bile or occult 
blood Cholecystostomy was performed on September 3 by Dr Homans The 
patient died on Sept 6, 1913 Autopsy was performed 

The pathologic diagnosis was carcinoma of the pancreas, scirrhous type, uitli 
extension into surrounding tissue, compression but not occlusion of common bile 
duct, jaundice, laparotomy and cholecj'stostomy , interstitial pancreatitis, slight 
cirrhotic hepatitis , slight chronic diffuse nephropathy with acute degeneration , 
arteriosclerosis , chronic pleuritis, and chronic perihepatitis 

Case 3 — F M , a Scotchman, aged 52, was admitted to the hospital on Aug 
30, 1913, with the complaint of jaundice and pain in the lower part of the abdomen 
and back The symptoms were pain for five days following se\ere traumatic 
contusion of the lower part of the back and progressive jaundice for three dajs 
Anorexia, weakness and a burning sensation in the epigastrium de\ eloped after 
the patient was admitted to the hospital Examination show'ed an enlarged Iner 
and dilated gallbladder The temperature varied from 99 to 103 F , the leukocjte 
count was from 14,000 to 34,000 The Wassermann test w^as positive, and there 
was no bile m the stools Death occurred on Sept 20, 1913 Autopsy was 
performed 

The pathologic diagnoses w^ere carcinoma of the duodenum (in anatomic 
situation of ampulla of Vater) , carcinoma of the head of the pancreas , carcinoma 
of the penpancreatic, peribronchial, mediastinal and retroperitoneal lymph glands 
(metastatic) , carcinoma of the liver (metastatic) , carcinoma of the lung 
(metastatic) , carcinoma of the pleurae (metastatic) visceral lajers onlj , obstruc- 
tion of the common bile duct (intraduodenal) , carcinomatous distention of the 
extrahepatic bile passages and gallbladder, obstruction and distention of the 
pancreatic duct (intraduodenal) , icterus, chronic pancreatitis, slight cirrhosis of 
the liver, chronic nephritis (slight), pleural adhesions (left), and peritoneal 
adhesions (localized) 

Case 4 — G P, a Greek, aged 42, was admitted to the hospital on May 25, 
1915, with the complaint of jaundice The symptoms w^re progressive jaundice, 
itching of the skin, loss of weight, weakness and anorexia of two months’ dura- 
tion — the order of appearance not being given He had a dull ache in the right 
hypochrondium Examination showed an enlarged liver and dilated superficial 
veins in the flanks The temperature was 99 F The leukocyte count was 8,000 
and the hemoglobin 80 per cent No bile or blood was found in the stools Free 
hydrochloric acid was present m the contents of the stomach, and there was 
slight transient glycosuria Exploratory laparotomj’^ was performed on June 9 
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^ patient died on July 11 Autopsy was performed by 

Ur btoddard The pathologic diagnoses were carcinoma of the pancreas (gen- 
eral), obstruction of the common bile duct, emaciation and ascites (slight) 

Case H > a Hungarian woman, aged 56, was admitted to the hospital on 

Sept 11, 1916, with the complaint of jaundice Her symptoms were a loss of 30 
pounds (136 Kg ) beginning eight weeks previously, jaundice for six weeks, 
progressive up to two weeks before admission, and itching Examination showed 
a distended gallbladder, a palpable but not much enlarged liver and an irregular 
firm mass in the midepigastrium The blood pressure was 170 systolic and 
95 diastolic The temperature was 99 F The leukocyte count was 12,400, and the 
hemoglobin 75 per cent There was no bile in the stools The clinical diagnosis 
was carcinoma of the head of the pancreas 

Cholecystenterostomy was performed on September 15 by Dr Homans, who 
reported “A very tense large gallbladder presented — there was a moderate 
sized, hard, slightly lobulated mass occupjung the head of the pancreas fading off 
toward the left side of the abdomen and with an extension upward along the 
aorta toward the diaphragm The mass was about the size and shape of half 
the fist ” The patient died on Jan 1, 1917 Autopsy was not performed 

Cvsc 6 — H G, a Russian, aged 62, was admitted to the hospital on Sept 11, 
1917, with the complaint of jaundice and pain in the right groin The symptoms 
were progressive jaundice for two weeks, pain m the right groin for ten days, 
frequency and dysuna for eight days and constipation Examination showed 
jaundico, an enlarged liver and a distended gallbladder The temperature was 98 
The leukocjte count was 5,800 and the hemoglobin 100 per cent There was no 
bile in the stools, and duodenal analysis showed no bile but the presence of pan- 
creatic juice 

Cholecystenterostomy was performed September 21 by Dr Homans He 
reported "A tense elongated gallbladder presented Behind the duodenum and 
extending from a point below corresponding to the head of the pancreas, upward 
and toward the median line at the level of the gastric artery was a stony hard, 
irregular mass, flattened and immovable, which gave the impression of carcinoma 
of the head of the pancreas It did not m\olve the duodenal wall but was 
evidently the cause of the shutting off of the common bile duct No gallstones 
were found ” The patient died in April, 1918 Autopsy was not performed 

Case 7 — C M , an American, aged 58, was admitted to the hospital on April 
23, 1917, with the complaint of “rheumatism and stomach trouble” The symptoms 
were a loss of 20 pounds (9 Kg) beginning eight months previously, anorexia, 
numbness of the legs with swelling of the left leg for three months, gaseous 
eructations, nausea, vomiting and a dull, continuous pain in the epigastrium for 
two months Examination showed ascites, edema of the legs, weak heart sounds 
and an enlarged liver with an irregular border The temperature was 98 F , 
the pulse rate 110 Laboratory examination revealed an erythrocyte count of 
3,900,000, a leukocyte count of from 18,000 to 24,000, and hemoglobin, 60 per cent 
The Wassermann reaction was positive There was mild but persistent glyco- 
suria and achlorhydria The clinical diagnosis was sczrrhosis of the hver Death 
occurred on May 1, 1917 Autopsy was performed by Dr Marlow 

The pathologic diagnoses were carcinoma of the pancreas (generalized) with 
metastases to the lungs, liver, peritoneum, epididymis, mesentery, retroperitoneal 
lymph nodes and suprarenals , chronic fibrous pleuritis , ascites, and obturator 
bands in the heart 

Case 8— B W, an Irish woman, aged 50, was admitted to the hospital on 
Sept 8, 1917, with the complaint of “pain m the stomach ” Her symptoms were 
severe sharp pain just to the left of the upper sternum beginning six weeks 
previously and lasting for one week She then had pain beneath the right breast, 
anorexia for four weeks, nausea, vomiting and gaseous eructations for three 
weeks, epigastric pain for two weeks brought on by stooping, jaundice, and pain 
in the lower part of the back and in the left upper quadrant for one week 
Examination showed moderate jaundice, a palpable liver and a blood pressure of 
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185 systolic and 110 diastolic The temperature was 986 F The leukocyte 
count was 10,000 , the erythrocyte count 5,700,000, and the hemoglobin 80 per cent , 
no bile was found in the stools, clinical diagnosis was cholelithiasis Cholecys- 
tectomy and choledochostomy were performed on September 20 by Dr Homans 
He reported “The gallbladder presented a deep bluish coloi slightly distended 
and thickened Exploration of the common duct was negative There was nothing 
felt in the gallbladder or cystic duct The head of the pancreas was markedlj 
thickened, unusually firm but not stony hard The common duct was opened and 
a sound was passed freely into the duodenum The gallbladder was removed 
and the common duct drained ” The wound continued to dram bile and the 
patient’s symptoms were unrelieved Exploratory laparotomy was performed 
November 19 by Dr Homans “On the surface of the liver were seen a number 
of yellowish white raised nodules prmcipalh on the inferior surface but there 
was one on the front which was excised Immediate pathologic examination 
showed adenocarcinoma A hard mass characteristic of cancer was felt m the 
posterior abdominal wall evidently carcinoma of the pancreas ’’ The patient died 
before March 8, 1918 Autopsv was not performed 

Case 9 — F E M , an American woman, aged 46 was admitted to the hospital 
on Dec 28, 1917, with the complaint of nausea and pain in the right upper 
quadrant Her mother had died of diabetes Sine the age of 15 she had had 
periods of gnawing epigastric pain The present symptoms were attacks of 
pain in the midepigastnum radiating to the left side of the back and associated 
with vomiting for the last year, constant nausea for eight weeks, loss of 12 
pounds (5 4 Kg ) in eight months, anorexia and w'cakness for six weeks Exami- 
nation show-ed tenderness m the midepisgastrium and an enlarged In or with a 
nodular edge Roentgen-ray examination showed a deformed duodeinl cap The 
temperature was from 99 to 102 F Laboratory examination showed leukocyte 
count, 5,300 , hemoglobin, 90 per cent , bile found in the stools and normal gastric 
acidity Exploratory laparotomv was performed on Jan 4, 1918, by Dr Homans 
“There was a little free fluid In the right lobe of the liver were seen a few' 
w'hitish, raised, hard areas characteristic of metastatic carcinoma Some of these 
were bluish in the center They were somew’hat thickly studded throughout the 
left lobe Examination of the stomach was negative The beginning of the 
duodenum w'as a little thickened and discolored and large dilated veins were 
noted Behind the duodenum and pyloric region was an irregular, stony hard 
mass about the sire of the palm of one’s hand, apparently carcinoma of the pan- 
creas This appears to have partly involved the duodenal wall There is, how- 
ever, no obstruction of the common duct which is not dilated, and the gallbladder, 
although large, is fairly easily emptied There is no evidence of malignant dis- 
ease elsewhere in the abdomen or pelvis ’’ The patient died on Feb 14. 1919 

Autopsy was not performed 

Case 10 — F C J , an American, aged 72, was admitted to the hospital on 
Jan 4, 1918, with the complaint of dull pam in the right side of the abdomen and 
back His symptoms w'ere a loss of 30 pounds (13 6 Kg) of w'eight, weakness, 
anorexia for five months and a dull ache in the right lower quadrant radiating 

to the lower part of the back for three months Examination showed moderate 

emaciation, an enlarged liver and an irregular hard mass in the midepigastnum 
Roentgen-ray examination showed deformity of the duodenum w'lth spasm The 
temperature w'as 99 F The leukocyte count w'as 12,000, hemoglobin, 75 per cent, 
and achlorhydria was evident The clinical diagnosis was carcinoma, the location 
of which was unknown Exploratory laparotomy w'as performed on January 10 
by Dr Homans “Examination showed a hard, very slightly lobulated rnass, 
moving slightly with respiration and having in general the outlines of the head 
of the pancreas This mass must have been several inches thick in the anterior- 
posterior direction, and the duodenum was pushed upw'ard by it, making a long 
curve The mass was retroperitoneal, and on the surface of it could be felt one 
or two fixed hard lymph glands The gallbladder was full, large and slightly 
tense but could be partly emptied by pressure No metastases w'ere seen m the 
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liver, which was not enlarged Examination of the intestines and colon was 
negative Apparently the carcinoma was primary m the pancreas ” Death 
occur! ed on Feb 22, 1918 Autopsy was not performed 

Case 11 ~E H N , a Canadian woman, aged 52, was admitted to the hospital 
2, 1917, With the complaint of jaundice and weakness Nineteen years 
^fore she had had a hysterectomy performed for adenocarcinoma of the uterus 
Her sjauptoins were anemia and loss of 30 pounds 13 6 Kg ) for ten months, 
extreme weakness for two months and jaundice for eight weeks She also had 
gaseous eructations and occasionally vomited The jaundice had possibly been 
diminishing for two weeks Two daj^s previously she had bled profusely from 
the rectum Examination showed marked jaundice, an enlarged liver and slight 
edema of the legs Roentgen-ray examination showed the gallbladder with 
shadows suggesting stones The temperature was 100 F the pulse rate, 100 
The leukocyte count was 7,200, the erythrocyte count, 2,900,000, and hemoglobin, 
66 per cent There was no bile or occult blood in the stools Cholecystectomy 
and choledochostomy were performed on August 4 by Dr Cheever “Examina- 
tion of the stomach and pylorus proved negative The gallbladder was shrunken 
thick u ailed, opaque and adherent to the duodenum Calculi were palpated within 
it Palpation revealed a rounded, somewhat irregular mass of varying consistency 
but nowhere very hard, lying behind the duodenum and pushing it forward This 
coriesponded exactly to the head of the pancreas No stones were found in the 
common duct, wdiich was dilated but a number 20 French bougie could be passed 
into the duodenum The gallbladder was removed and the common duct drained 
The diagnosis was cholelithiasis and chronic pancreatitis ” The wound drained 
bile for eight wrecks, and no bile appeared in the stools The patient’s symptoms, 
except for the jaundice, were unrelieved Death occurred on March 10, 1918 
Autopsy w'as performed by Dr Wolbach 

The pathologic diagnoses were carcinoma of the duodenum with lymph node 
metastases and extension into the pancreas, biliary obstruction with great disten- 
tion of the common and hepatic ducts, pancreatic obstruction with dilatation of 
the pancreatic duct, jaundice, absence of the gallbladder, surgical, absence of 
ovaries, tubes, and uterus, surgical, and of long standing tuberculosis m the 
lungs 

Case 12 — C E , a Canadian woman, aged 70, was admitted to the hospital on 
Aug 6, 1918, with the complaint of jaundice The symptoms were a loss of 40 
pounds (181 Kg) beginning ten weeks previously, progressive jaundice and 
abdominal disturbances for eight weeks and gradual loss of strength Examina- 
tion show'cd marked jaundice, an enlarged liver and a distended gallbladder The 
temperature was 98 F The leukocyte count was 5,000 , hemoglobin, 80 per cent 
The clinical diagnosis was obstructive jaundice due to malignant grow^th 
Cholecystenterostomy was performed August 15 by Dr Cheever “The liver was 
large, dark brown and firm and the gallbladder was immensely distended The 
stomach and pylorus were normal except for immensely distended veins in the 
pyloric region No nodules were noted m the liver and no glands were felt 
Exploration showed a hard cicatricial mass involving the gastrohepatic omentum 
especially marked at about the point where the cystic duct joins the common duct 
It appeared to be carcinoma of the ducts This communicated with a much larger 
mass lying more posteriorly and mesially, firm and nodular, which was either 
malignant disease of the upper part of the head of the pancreas or a mass of 
retroperitoneal glands The portion of the pancreas joining the second part of 
the duodenum did not appear to be affected, and my impression is that this was 
a primarv carcinoma of the bile ducts No caluli were found The patient died 
on Dec 28, 1918 Autopsy was not performed 

Case 13— J H, a Scotchman, aged 72, was admitted to the hospital on 
Aug 19, 1919, with a complaint of jaundice and gastric distress His symptoms 
were gaseous eructation, nausea and abdominal distress for six weeks, constipa- 
tion and progressive jaundice for three weeks Examination showed marked 
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jaundice, a slightly enlarged liver, a temperature of 99 F , leukocyte count, 
8,200, red cells, 3,500,000, hemoglobin, 55 per cent Neither bile nor occult blood 
was present in the stools, but there was excess fat A series of roentgenograms 
of the gastro-mtestinal tract was negative There was no achlorhydria Chole- 
cystoduodenostomy was performed on August 28 by Dr Homans “The gall- 
bladder was about the size of a lemon and very tense The common duct was 
enlarged and in the region of the head of the pancreas, particularly behind the 
duodenum, was felt a stony hard, slightly irregular mass, which uas slightly 
movable There was an extension upward from it behind the common duct, 
presumably due to a chain of metastatic glands Studded about the liver, espe- 
cially on its inferior surface, were a number of small, yellowish nodules, some of 
which were umbilicated , evidently metastatic carcinoma The pylorus was not 
distended or obstructed A nodule on the anterior surface of right lobe of liver 
was excised ” The patient died on Sept 17, 1919 The pathologic diagnosis of 
the nodule was adenocarcinoma ' 

Case 14 — L K, a Greek, aged 33, was admitted to the hospital on Sept 23, 
1919, with the complaint of anemia and ^\eakness His symptoms were a loss 
of 30 pounds (13 6 Kg) during the last three years, anemia, weakness, severe 
constipation and an occasional substernal pain of three months’ duration He also 
had vertigo and some edema of the feet Examination showed emaciation, no 
jaundice but a lemon yellow tint of skin and an irregular hard mass in the 
right epigastrium which moved with inspiration The blood pressure vv'as 98 
systolic and 60 diastolic The temperature was 98 F There were 8 000 leuko- 
cytes and 2,088,000 erythrocytes, and a smear showed secondarv anemia Roent- 
gen-ray examination showed obstruction at the beginning of the transverse colon 
and an irregularity in the outline of the stomach Clinical diagnosis was 
carcinoma of the stomach Exploratory laparotomy was performed October 9, 
by Dr Homans Death occurred on Oct 30, 1919 Aiitopsv was performed b}^ 
Dr Wolbach 

The pathologic diagnoses were carcinoma of the head of pancreas involving 
the stomach and duodenum, metastases to the liver and regional Ivmph nodes, 
invasion of the portal vein and inferior vena cava b> tumor, fatty mjocarditis, 
congenital anomaly of the spleen and mesenteric attachments, passive congestion 
of the spleen and simple cvst of the kidney, left inguinal hernia Microscopic 
examination show'ed the growth to be an adenocarcinoma of the pancreas 

Case 15 — O A S , a German, aged 75, was admitted to the hospital on Nov 1, 
1919, with the complaint of jaundice His symptoms were a loss of 41 pounds 
18 6 Kg ) beginning six weeks previously, epigastric distress anorexia and 
progressive jaundice for six weeks, extreme weakness and swelling of the 
abdomen and legs for tw'o weeks Examination showed marked jaundice and 
emaciation, marked ascites and edema of the legs and abdominal wall and an 
enlarged, nodular, nontender liver The temperature was 97 F The leukocyte 
count was 12,500, the erythrocyte count 3,400,000, and hemoglobin, 70 per cent 
The blood pressure was 105 systolic and 60 diastolic Occult blood was present 
in the stools, but bile was absent The clinical diagnosis was carcinoma inv'olving 
the liver Death occurred on Nov 9, 1919 Autopsy was performed by 
Dr Wolbach 

The pathological diagnoses were carcinoma of the tail of the pancreas with 
metastases to the liver, lungs and diaphragm, complete occlusion of the hepatic 
duct by tumor invasion , occlusion of the splenic vein and branches of the portal 
and hepatic veins by tumor invasion, liydrothorax , ascites, edema of the lower 
extremities , acute pericarditis , peritonitis , appendicitis , edema and congestion of 
the lungs, and jaundice ^tio 

Case 16 — W E D , an AV "I’can, aged 50, was admitted to the hospital on 
Oct 11, 1919, with the complaiiycof “intestinal trouble” His sjmptoms were 
loss of 50 pounds (22 7 Kg ) beginning three months previously, attacks of sharp, 
severe pain beginning in the left side and radiating to the front of the chest and 
to the abdomen for nine weeks and extreme weakness for six weeks He did not 
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know that he was jaundiced Examination showed marked emaciation and jaun- 
dice, widening of the aortic dulness, an enlarged liver and a distended gallbladder 
rfo r P^^sure was 104 systolic and 64 diastolic The temperature was from 

0 to 99 6 F , the pulse rate was 100 The erythrocyte count was 3,500,000 , 
hemoglobin, 80 per cent, the leukocyte count, from 14,800 to 19,000 The 
W assermann reaction was positive Stools showed occult blood but no bile 
Roentgen-ray examination showed diffuse increased density of the upper left 
lung and a shadow thought to be an aneurysm Bismuth series were negative 
The clinical diagnosis was carcinoma of the pancreas, syphilitic aneurysm and 
hepatitis Death occurred on Nov 15, 1919 Autopsy was performed by 
Dr Adams 

The pathological diagnoses were carcinoma of the head of the pancreas , 
metastatic carcinoma of the liver, lungs, suprarenals and brain, obstruction of 
the common bile duct with dilatation of the common duct, gallbladder, hepatic, 
cystic and intrahepatic ducts , obstruction by lung metastasis of the upper branch 
of the left pulmonary artery with the accompanying vein beyond the bronchus, 
jaundice , bronchopneumonia , chronic fibrous pleuritis , ptosis of the transverse 
colon, arteriosclerosis, softening of the cerebrum, bilateral, and of the cere- 
bellum, left 

Case 17 — J L S, a Scotchman, aged 55, was admitted to the hospital on 
Sept 2, 1920, with the complaint of abdominal pain and constipation His symp- 
toms were a loss of 15 pounds (6 8 Kg), anorexia, abdominal distress and severe 
constipation of seven weeks’ duration The abdominal distress had increased 
to nocturnal attacks of severe, excruciating epigastric pain radiating to the lumbar 
spine Examination showed slight emaciation and a rounded, firm mass in the 
left epigastrium 3 cm above the umbilicus and lying transversely, moving only 
slightly with respiration The temperature was 98 F Laboratory examination 
revealed leukocyte count, 7,400, hemoglobin, 90 per cent, no occult blood or 
excess fat in the stools and no achlorhydria Tests with a bismuth senes and 
barium enema were negative The clinical diagnosis was carcinoma of the body 
of the pancreas Exploratory laparotomy was performed on Oct 26, 1920, by 
Dr Homans He reported “No free fluid Stomach normal, large intestine 
normal, nothing felt on exploration of abdominal cavity except a stony hard, 
thick, immovable mass in the position of the pancreas, which could be best felt 
through the gastrohepatic omentum, tapering off toward the left but extending 
across the midline to the right and fading off in this direction The mass was 
an inch m thickness at its thickest point, and lay practically over the aorta, and 
the great vessels of the small intestine ran through it A small piece of the 
hardest part was excised, but I was afraid to go deep on account of the danger 
of injuring the mesenteric vessels The specimen removed felt like scar tissue 
and may not be deep enough to show the lesion The diagnosis was carcinoma 
of the pancreas ” The pathologic report was chronic pancreatitis Death, which 
occurred on Feb 6, 1921, was reported as due to cancer 

Case 18 — L J H , an American woman, aged 69, was admitted to the hospital 
on Jan 19, 1920, with the complaint of pain in the abdomen Eight months pre- 
viously she had undergone cholecystectomy for gallstones following typical symp- 
toms of twelve years’ duration Stones were removed from the common duct 
with the gallbladder The stomach and head of the pancreas were normal to 
palpation Her symptoms were epigastric distress and heartburn for seven 
months , severe, dull, constant, epigastric pain radiating through to the left lumbar 
region of four months' duration, which was worse when the patient was lying 
down and was relieved when she was sitting up , nausea and vomiting for three 
weeks and jaundice for two days She denied loss of weight, but her appearance 
indicated that she was losing weight Examination showed moderate emaciation 
and jaundice The blood pressure was 200 systolic and 94 diastolic The 
temperature was from 98 to 100 F The leukocyte count was 8,200 and hemoglobin 
80 per cent Bile was absent m the stools Bismuth studies eight weeks pre- 
viously had shown some ptosis of the stomach with a rather large six hour 
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residue, otherwise thej were negative The clinical diagnosis was carcinoma of 
the head of the pancreas Exploratory laparotomy was performed on January 21 
bj Dr Cheever, who made the following observations “A portion of the head 
of the pancreas just at the upper limit of the duodenum presented a hard nodular 
mass evidently involving the common duct, aggregating the size of an English 
walnut The proximal common duct was markedly dilated There were no 
metastases noted m the liver or glands The duodenum w^as opened and a probe 
w'as passed into the papilla and up the common duct a short distance before 
meeting definite obstruction The probe passed easily into the pancreatic duct, 
and there was a large amount of pancreatic juice but no bile The ampulla was 
opened, but no calculi were found by passing a curet into the common duct 
The diagnosis w'as carcinoma of the head of the pancreas ” Death occurred on 
June 20, 1920 Autopsy was not performed 

Case 19 — M C , an American woman, aged 43, was admitted to the hospital 
on March 22, 1920, with the complaint of swollen glands on the left side of the 
face and neck Her sj'mptoms were a swelling of the preauricular, anterior and 
posterior cervical and the supraclavicular glands on the left side, of four months’ 
duration, pain m the left side of the face and m the arm for one month, dryness 
of the mouth and marked generalized w'eakness for two w’eeks and profuse hema- 
turia for one w'eek She had lost some weight Examination show'ed marked 
pallor, a left facial paralysis with numbness of the left side of the face and 
tenderness m the left costovertebral angle The temperature varied from 99 to 
101 F , the pulse rate w'as 130 and the respirations, 26 The erythrocyte count 
was 2,300,000, hemoglobin, 40 per cent, the leukocyte count, 24,000, and pol>- 
morphonuclears, 80 per cent Cystoscopy show'ed pouting of the left ureteral 
orifice and no apparent function on that side The clinical diagnosis was renal 
tumor Death occurred on April 6, 1920 Autopsy was performed by Dr Adams 

The pathologic diagnoses w'ere carcinoma of the pancreas (generalized) , gen- 
eralized carcinomatosis, chronic passive congestion of the liver and kidnejs, acute 
hemorrhagic pyelitis (bilateral), edema of the lungs and fatty degeneration of 
the heart 

Case 20 — F P F, an American, aged 65, was admitted to the hospital on 
Feb 2, 1921, with the complaint of pain in the abdomen One brother had died 
of cancer A few' months previously he had undergone prostatectomy for reten- 
tion of urine His symptoms were a loss of 50 pounds (227 Kg) beginning 
three and one-half months previously, gas distress and a heavy dull ache in the 
region of the umbilicus radiating through to the back The pain was worse when 
the patient lay on his right side He had not noticed that he had jaundice 
Examination showed slight emaciation, moderate jaundice and a mass m the mid- 
epigastrium The temperature \aried from 97 to 1004 F The leukocyte count 
ranged from 15,200 to 35,000 Bile and occult blood were present m the stools 
The patient became extremely w'eak, and his left leg became edematous Death 
occurred on Feb 15, 1921 Autopsj' was performed by Dr Jacobson and 
Dr Wolbach 

The pathologic diagnoses w'ere carcinoma of the pancreas (head) with 
metastases to the liver and regional lymph nodes, jaundice, infarction of the 
right lung (low'er lobe) , gallstone in the diverticulum of the gallbladder , clij lous 
cjsts of the ileum, chronic prostatitis, chronic epididymitis, infarct in the right 
kidnej , hemorrhoids, cystitis cj'Stica, thrombosis of the pulmonary artery, left 
iliac vein and prostatic plexus, and operative scars of the abdomen wuth hernia 
through the muscle in the right flank 

Case 21 — E W K , an American, aged 57, was admitted to the hospital on 
Dec 30, 1921, with the complaint of pain in the abdomen and weakness His 
symptoms were occasional attacks of vomiting and marked progressive weakness 
for one year, dull, steady pain of six months’ duration, w'hich was occasionally 
sharp and stabbing in the lower posterior thoracic and upper lumbar regions 
radiating through to the epigastrium, and w'hich w'as worse when the patient was 
lying down, loss of 30 pounds (13 6 Kg) beginning six months previously, and 
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constipation and gaseous eructations for two months About six weeks after 
admission he became jaundiced Examination showed moderate emaciation and an 
enlarged liver The temperature varied from 9/ to 99 4 F The leukocyte count 
was 11,000, the erythrocyte count, 5,100,000, and the hemoglobin, 90 per cent The 
gastric contents were normal Roentgen-ray studies were negative The stools 
were offensive in odor but contained no occult blood The clinical diagnosis was 
carcinoma of the gastro-intestmal tract Death occurred on Feb 13, 1922 
Autopsy was performed by Dr L Smith 

The pathologic diagnoses were carcinoma of the head of the pancreas with 
metastases to the liver , gallbladder and retroperitoneal lymph glands , icterus , 
congestion of the liver, spleen and kidneys , chronic inflammatory colitis , central 
necrosis of the liver, and early arteriosclerosis 

Cash 22 — H F A , an American, aged 60, was admitted to the hospital on 
March 3, 1922, with the complaint of blood in the urine His symptoms were 
diffuse abdominal pain, constipation, gas and nausea for one month and hematuria 
for three days The results of the examination were negative The temperature 
was 98 F The leukocyte count was 9,100, the erythrocyte count, 5,200,000, the 
urine contained blood Roentgenograms of the kidney, ureters and bladder were 
negative Cystoscopy showed a small growth m the bladder wall Exploratory 
laparotomy and excision of a portion of the bladder wall by Dr Quinby showed 
carcinoma involving the bladder and sigmoid Death occurred on March 11, 1922, 
from postoperative pneumonia Autopsy was performed by Dr Hansmann 

The pathologic diagnoses were carcinoma of the tail of the pancreas with 
metastases to the bladder, intestinal tract and peritoneum , bronchopneumonia 
(right) , empyema (right) intestinal ileus (not due to obstruction), and opera- 
tive wound of the abdomen and of the bladder 

Case 23 — J E T , an American negro, aged 56, was admitted to the hospital 
on May 22, 1922, with the complaint of epigastric pain His symptoms were a loss 
of 18 pounds (8 2 Kg ) beginning eight weeks previously, attacks of dull, aching 
epigastric pain lasting three or more hours and becoming progressively more 
severe and progressive jaundice for five weeks Lying on his right side made 
the patient nauseated Examination showed marked jaundice, an enlarged liver 
and a dilated gallbladder The temperature was 98 6 F The leukocyte count 
was 10,800, the erythrocyte count, 4,000,000, and the hemoglobin, 90 per cent 
There was slight glycosuria , the contents of the stomach were normal , there 
was no blood in the stools, and roentgenograms of the gastro-intestinal tract 
were negative The clinical diagnosis was carcinoma of the pancreas Cholecysto- 
duodenostomy was performed on June 5, by Dr Cheever His report was 
“Gallbladder very tensely distended The stomach, pylorus and duodenum were 
normal A very definite hard, rocklike mass involved the whole head of the 
pancreas and extended well along the border of the organ The common duct 
was normal and palpable down to the mass There was nothing suggestive of 
calculus No metastatic glands were noted anywhere I am certain this was 
malignant growth of the pancreas” The jaundice cleared up, and the patient 
was discharged No follow-up observations were made 

Case 24 — M K , a Russian woman, aged 35, was admitted to the hospital on 
May 21, 1923, with the complaint of pain in the upper part of the abdomen and 
jaundice Her symptoms were dull, aching pain in the upper part of the abdomen, 
the lower part of the back and under the sternum for six months and loss of 40 
pounds (181 Kg) m five months Examination showed moderate emaciation, 
marked jaundice, an enlarged liver and a dilated gallbladder The temperature 
was 99 F The leukocyte count was 7,600, the erythrocyte count, 5,400,000, and 
the hemoglobin, 100 per cent There was no bile or occult blood in the stools 
which were fatty There was achlorhydria, and the roentgenograms of the 
gastro-intestinal tract were negative The clinical diagnosis was carcinoma of the 
pancreas Cholecystogastrostomy was performed, May 31, by Dr Homans, who 
made the following observations “The liver was jaundiced but was without 
other evidence of disease The gallbladder was as large as one’s fist, tense and 
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contained 300 cc of white bile No stones were felt in the cystic or common 
duct The head of the pancreas was occupied by a stony hard, irregular mass 
about 3 inches in diameter The tail of the pancreas was not thickened No 
further exploration was made ” Death occurred on June 2, 1923 Autopsy was 
not performed 

Case 25 — J C M , an Irish woman, aged 76, was admitted to the hospital on 
Sept 25, 1923, with the complaint of itching Her symptoms were anorexia and 
loss of 20 pounds (9 Kg ) beginning three months previously and 3 aundice and 
weakness for six weeks The jaundice had diminished for two weeks Exami- 
nation showed slight emaciation, moderate jaundice, an enlarged liver and a 
gallbladder which was palpable part of the time The temperature was 98 F 
The leukocyte count was 6,250, the erythrocyte count, 4,200,000, and hemoglobin, 
85 per cent Bile was occasionally present in the stools Roentgenograms of the 
gastro-intestinal tract were negative except for some ptosis and retention in the 
stomach and duodenum The clinical diagnosis was carcinoma of the pancreas 
Cholecystoduodenostomy was performed under procaine anesthesia on October 10 
by Dr Cheever, who made the following observations “The liver was con- 
siderably enlarged and the gallbladder was markedly distended and could not be 
emptied by pressure There were no metastases in the liver In the head of 
the pancreas a large mass strongly suggestive of neoplasm was felt Some free 
fluid was present m the abdomen ” The patient was discharged seventeen days 
after the operation Death occurred on Sept 20, 1924 Autopsy was not 
performed 

Case 26 — D F G, an Englishman, aged 57, was admitted to the hospital on 
Feb 28, 1923, with the complaint of pain in the right upper quadrant and jaundice 
His symptoms were dull pain in the midepigastrium associated with nausea, 
vomiting and anorexia for ten days and jaundice for three days Examination 
showed moderate jaundice and a palpable liver and gallbladder The temperature 
was 98 F The leukocyte count was 8,000 There was a slight amount of bile 
and no occult blood m the stools The clinical diagnosis was cholelithiasis 
Cholecystoduodenostomy was performed on March 10 by Dr Homans, who made 
the following observations “The gallbladder was large and tense and thin 
walled The common duct was distended In the region of the head of the 
pancreas was a rather hard mass which might have been pancreatitis or carcinoma 
From this mass running across toward the tail was a definite induration which 
could not have been cancer The diagnosis is uncertain The duodenum was 
opened and only a small probe could be passed from the common duct into the 
duodenum The papilla appeared normal but flattened bj"^ the mass m the pan- 
creas The wall of the duodenum was normal ” The patient was discharged 
relieved, but was readmitted on Sept 26, 1923, complaining of loss of weight 
and abdominal pain His symptoms were anorexia, weakness and loss of 14 
pounds (6 4 Kg ) since his operation He had been irrational for four weeks 
For four days he had had severe sharp pain in the lower part of the back 
Examination showed marked emaciation, slight jaundice, a hard irregular mass 
in the right upper quadrant and edema of both legs Bile was present m the 
stools Death occurred on Dec 4, 1923 Autopsy was performed by Dr Wolbach 

The pathologic diagnoses were carcinoma of the pancreas with invasion of 
the duodenum by direct extention, glomerulonephritis, bronchiectatic abscesses, 
edema of the lungs, slight scirrhosis of the liver, calcification of old abdominal 
operative wound and hydropericardium 

Case 27 — W F B , an American, aged 49, was admitted to the hospital on 
Oct 31, 1923, with the complaint of jaundice and pain in the right costovertebral 
angle His symptoms were a loss of 17 pounds (77 Kg) beginning six months 
previously, attacks of dull pain in the right costovertebral angle radiating to the 
front of the abdomen, anorexia, vomiting and epigastric distress for six months 
and jaundice for two weeks Examination showed definite jaundice and a slightly 
enlarged liver The temperature was 98 F The leukocyte count was 6,000, the 
erythrocyte count, 4,500,000, and the hemoglobin, 95 per cent There was no bile 
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performed .,, another hospital about Jan 1 , 1924, by D. Brewsto wh^eported 

10 ' A Pancreas was found” Death occurred 
about Jan 10, 1924 Autopsy was not performed 

n» woman, aged 44, was admitted to the hospital 

on i larch 24, 19-3, with the complaint of jaundice and pain m the right upper 
quadrant I'or fn e 3 ears she had had cpigastiic distiess after meals Her symp- 
toms ncrc licavy fulness in the epigastrium, nausea and vomiting with attacks of 
sctcre sharp pmn m the riglit upper quadrant ladiating to the right scapular 
region, loss of 10 pounds (4 5 Kg) during the pieceding three months and 
^unciice \\hich began lluce months previously and had been fading for one week 
E\ainin,ition sliowed slight emaciation, moderate jaundice and a palpable liver 
and gallbladdci The temperature vaiicd from 98 to 99 4 F The leukocyte 
count was 12,000, the cntiuocitc count, 3,900,000, and the hemoglobin, 75 per 
cent ihete was no bile 01 blood in the stools The clinical diagnosis was 
carcinoma of tlie pancreas Exploratory laparotomj' was performed on March 
28, bj Dr Iloinaus, who made the follow'ing observations “A tense gallbladder 
was presented with a nodule of carcmomatous-looking tissue on the outer surface 
wlierc it meets the li\ei The surface of the gallbladder w'as smooth, but it 
presented small nodules on the under surface There w'cre several cancerous 
nodules in the Iner In the head of the pancreas was a hard, irregular mass 
gning the impicssion of cancer of the pancreas The stomach was normal” 
Death occurred ou the following day Autopsy was not performed Pathologic 
examination of a piece of tissue f 10111 a nodule in the liver shotved adeno- 
carcinoma 


Casl 29 — M M , an \morican negress, aged 50, was admitted to the hospital 
on Jan 28, 1924, with tiic complaint of jaundice and itching For fifteen years 
she had sufTcred from .ilt.icks of colickj epigastric pain associated with nausea 
and romitnig These att.ieks had ceased seven mouths before entry, and at 
that time a loss of weight began which had amounted to 35 pounds (15 9 Kg) 
Jaundice had ajipcarcd tw’o month', before entry Fvimiiiation showed slight 
emaciation, marked jaundice, .m enlarged liver and a dilated gallbladder The 
temperature \aried fioin 98 to 99 F The Icukocitc count was 10,000, the 
cr>lhroc\tc count, 4,700,000, and the hemoglobin, 90 per cent There was no 
hile or blood m the stools Tlic clinical diagnosis was carcinoma of the pancreas 
Cholccj stoduodenostomj w'as pti formed on Fcbriiaiy 5 bj Dr Homans, who 
made the following obsciiations “The gallbladder was large, smooth, tense 
and filled with greenish-black material The livei was firm but not suggestive of 
ncpatic malignance A haid mass was felt in the head of the pancreas No 
stones were found The common duct was dilated to the sire of a finger The 
stomach appeared normal ” The patient was relieved and discharged Death 
occurred on June 29, 1924 Autopsy was not performed 


Gasp 30 S A F , an American woman, aged 69, v/as admitted to the hospital 
on Oct 10, 1924 , With the complaint of gaseous eructations Her symptoms were 
epigastric distress, nausea, and vomiting, anorexia and loss of weight for six 
weeks The vomitns consisted of large amounts of food Examination showed 
moderate emaciation, a dilated stomach and a hard irregular mass m the epigas- 
trium which did not descend with icspirations and which transmitted the aortic 
pulsations Auricular fibrillation with a pnlse deficit was Present The tempera 
ture varied fiom 98 to 99 F The leukocyte coimt was 9,300, the erythrocyte 
count 6400000 and the hemoglobin, 95 per cent The gastric contents contained 
no te i.ydkci;ior,c accl, ll.c .tools contan.cd 

showed a fillniK defect m the grcotol curvature of the stomach, wliicll anpeared 
to trie [o a.f eatragastcc co.nprcss.o.. The chn.cal diagnos.s was caretnoma 
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of the pancreas Death occurred on Nov 9, 1924 Autopsy was performed by 
Dr Oughterson and Dr Broun 

The pathologic diagnoses were bronchopneumonia (streptococcus), carcinoma 
of the pancreas with erosion in the small intestine, partial intestinal obstruction, 
metastatic carcinoma in the liver and pleural adhesions (left apex) 

Case 31 — F I V , an American woman, aged 41, was admitted to the hospital 
on April 24, 1924, with the complaint of stomach trouble Her symptoms were a 
loss of 17 pounds (7 7 Kg ), dull pain in the region of the left costal margin and 
constipation of three and one-half months’ duration The results of examination 
were negative The temperature was 98 F The leukocyte count was 5,700, and 
the hemoglobin, 100 per cent Roentgenograms of the gastro-intestinal tract 
and gallbladder and a pyelogram were negative The patient was discharged 
without a diagnosis, but was readmitted on July 10, 1924, with the complaint of 
jaundice, abdominal pain and enlargement of the abdomen Her symptoms were 
pain and pressure in the epigastrium radiating to the back and to the front of 
the chest and made worse by food or by lying down, nausea, vomiting, anorexia 
and loss of 47 pounds (21 3 Kg ) m the preceding six months, and jaundice for 
three days Examination showed moderate emaciation, moderate jaundice, small 
areas of hemorrhage into the skin and marked ascites The temperature was 
99 F The leukocyte count was 7,600, and the erythrocyte count, 5,600,000 There 
was a trace of bile and occult blood in the stools The clinical diagnosis vas 
carcinoma of the pancreas Exploratory laparotomy was performed on July 12 
by Dr Cheever, who made the following observations “About 7 liters of straw 
colored fluid were removed The liver, stomach, small and large intestine, pelvic 
viscera, kidneys and spleen were normal to palpation The head of the pancreas 
was occupied by a hard mass which w'as continuous w'lth a more nodular mass 
in the region of the celiac axis There w'ere no implantations m the peritoneal 
cavity, and no glands were accessible The gallbladder was distended ’’ Death 
occurred on Aug 15, 1924 Autopsy w'as performed by Dr Pinkerton and 
Dr Oughterson 

The pathologic diagnoses were carcinoma of the pancreas with metastases 
to the liver, lungs, peritoneum and mediastinum, biliary stasis, ascites, com- 
pression of the portal vein, central necrosis of the liver, cysts of the kidney, 
healed tuberculosis of the bronchial lymph nodes, and accessary spleen 

Case 32 — H S D , an American, aged 60, was admitted to the hospital on 
Aug 13, 1925, with the complaint of pain and jaundice His sjmptoms were a 
loss of 15 pounds (6 8 Kg ) during the past three months , a constant dull ache 
m the epigastrium with attacks of sharp severe pam m the right upper quadrant 
radiating to the umbilicus, left upper quadrant and, to a slight extent, to the back, 
accompanied by nausea and weakness for two months, and progressive jaundice 
for one month Examination showed slight emaciation, moderate jaundice, a 
palpable liver and a distended gallbladder The temperature was 98 F The 
leukocyte count was 13,600, and the hemoglobin, 80 per cent The stools were 
clay colored The clinical diagnosis was carcinoma of the pancreas Cholecj'sto- 
duodenostomy was performed on August 15, by Dr Cheever, who made the 
following observations “The gallbladder was very much distended The head 
of the pancreas presented a hard nodular mass twice the thickness of the normal 
gland No involved lymph nodes could be found The stomach and pylorus 
were normal There were several small nodules on the surface of the liver that 
were typical of carcinoma metastasis There were no gallstones m the gallbladder 
or gallducts ” The patient was discharged relieved 

Case 33 — E L S , an American woman, aged 70, was admitted to the hospital 
on Aug 27, 1925, with the complaint of pain in the stomach and back Her 
symptoms were attacks of dull, pressing pain in the epigastrium radiating through 
to the back and unassociated with food, loss of 30 pounds of weight (13 6 Kg) 
and anorexia for eight months Progressive jaundice and weakness had been 
present for three weeks Constipation had increased and gaseous eructations 
nausea and vomiting had accompanied the attacks of pain Examination showed 
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marked emaciation and weakness, moderate jaundice, a palpable liver, a distended 
gallbladder and fluid in the abdomen The temperature was 97 F , the pulse 
rate, 102 The leukocjde count was 25,000, the erythrocyte count 4,600,000, and the 
hemoglobin, 60 per cent Roentgenograms of the gastro-mtestinal tract, kidney, 
gallbladder and chest were negative The Wassermann reaction was positive 
The clinical diagnosis was carcinoma of the pancreas Death occurred on Aug 31, 
1925 Autopsy \vas performed by Drs Connors and Blosser 

The pathologic diagnoses were adenocarcinoma of the head of the pancreas 
with extension into the stomach and duodenum, metastases to the peritoneum, 
liver and retroperitoneal glands, and obstructive jaundice 

INCIDEIsCE OF THE DISEASE AS REGARDS SEX AND AGE 

ScA — Of the thirty-three cases, eighteen occurred in men The pre- 
dominance of men oter women m the incidence of pancreatic cancer is 
not so striking here as in most other reported series Table 1 indicates 
that almost t\t ice as many men are affected 

Table 1 — Cm cinoma of the Panel eas m Relation to Sex as Shown 

in the Lite) ature 


Author 

Men 

Women 

Mirnlhe 

69 

35 

Di Costa 

24 

13 

Boldt 

S5 

21 

Speed 

36 

16 

Fiitcher 

22 

9 

Ancelet 

102 

59 

Total 

2SS 

153 


Table 2 — Cases of Cai cinoma of the Pancieas in 

Relation to Age 

Age m Tears 

Oser’s Senes 

Bngham Hospital Senes 

1 to 10 

1 

0 

11 to 20 

1 

0 

21 to 30 

3 

0 

31 to 40 

14 

2 

41 to 50 

19 

9 

51 to 60 

20 

12 

61 to 70 

10 

6 

71 to SO 

4 

4 


Bashford found 526 cases among 33,788 autopsies on men and 474 
cases among 50,660 autopsies on women 

— The ages m the thirty-three cases ranged from 33 to 76 years 
with an average of 56 5 years The average of the men was 57 5 and 
the average of the women was 55 years The distribution of the cases 
in the different decades is given in table 2 

The age icidence is comparable to that of cancer m general, the dis- 
ease occurring in raie instances in children Herringham reported a 
case m a girl aged 2 }ears 

ETIOLOGY 

The cause of carcinoma of the pancreas lies in the obscurity of the 
etiology of cancer in general In accordance with the theory’ of chronic 
irritation, chronic pancreatitis, syphilis and alcohol hai e been suggested 
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as possible factors, but with little evidence Ewing suggests that 
tumors might sometimes arise fiom the accessory glandular tissue 
Horgan^® endeavoied to establish a lelationship between carcinoma 
aiising in the islands of Langerhans and the chronic pancreatitis which 
IS often found in cases of peptic ulcer In 262 pancreases showing 
chronic fibrotic changes he found hypei trophic islands m forty-eight 
Histologic study of the enlarged islands levealed hypei plastic epithelium 
with little 01 no difterentiation and in some cases evidence of migiation 
He points out that the tliiee stages of neoplasia desciibed by McCarty 
are piesent The past histones of the Biigham Hospital cases were on 
the whole negative, i eveahng no clue to an etiologic f actoi One patient 
had had gallstones and three others had had digestive tioubles, which 
might possibly have been due to peptic ulcer 

S\MPTOMS 

The most common symptoms m the thiity-thiee cases studied were 
in the 01 del of their fiequency cachexia — including loss of weight 
anoiexia, weakness and anemia — jaundice, pain, nausea with or without 
vomiting, indigestion and constipation In his senes. Speed found 
cachexia in 90 pei cent, jaundice in 80 pei cent and pain in 61 per 
cent of the cases Although cachectic symptoms aie the most frequent, it 
IS usually jaundice oi pain that causes the patient to seek medical advice 
In seventeen of the thirty-three cases the chief complaint was jaundice, 
and in nine it was pain Four patients came to the hospital because of 
indigestion, while one complained of swollen glands, one of hematuria 
and one of palloi 

Cachexia — Cachectic symptoms occuiied in twentj-nme of thirty- 
thiee cases and were as a lule extieme and out of all piopoition to the 
size of the growth This is piobably due to the obstructive jaundice 
which commonly occurs, a complication which greatly depi esses the 
appetite as well as mterfeies with the absorption of food 

Loss of Weight Loss of weight is the most outstanding of the 
cachectic symptoms and was piesent in twenty-eight of thiity-thiee 
cases In at least twenty-two cases it was the first symptom noticed 
by the patient The amount of weight lost is usually large In the 
series of thirty-three cases the greatest loss at the time the patient was 
admitted to the hospital was 50 pounds (22 7 Kg ) , the average loss, 
28 pounds (12 7 Kg ) In each of seven cases there was a loss of 40 
pounds (18 1 Kg ) or moie The rate at which the loss in weight takes 
place is usually strikingly rapid In one instance thei e was a loss of 41 

18 Ewing, James Neoplastic Diseases, Philadelphia and London, 1922, p 702 

19 Horgan, E J The Histogenesis of Carcinoma in the Islets of the Pan- 
creas, J Lab & Clin Med 5 429 (April) 1920 
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pounds (18 6 Kg ) in six weeks The average rate of loss in weight 
foi the gioup was estimated at 5 pounds (2 3 Kg ) a month Futcher 
found rapid and extieme emaciation in twent 3 -nnie of thirty-one cases 
Anorexia Loss of appetite is a common s}anptom, occuning in 
t^^enty cases It is paiticulaily severe when theie is jaundice 

AVeakness Loss of strength practically alv a) s accompanies a 
marked loss of weight and was complained of twent}-one times 

Jaundice ■ — Jaundice, the second most common symptom, is obstruc- 
tne m t)pe and characterized b}' its extienie degiee and progressn eness 
Unlike the inteimittent jaundice which fiequentl} accompanies obstiuc- 
tion of the common duct by gallstones, the jaundice of pancreatic 
malignanc} once begun progi esses relentlessly until in some cases the 
so-called "black” jaundice is produced rvhich may be so pronounced that 
the patient may be mistaken for a negro When the jaundice has per- 
sisted for many weeks, the pigments deposited in the exposed tissue of 
the face and hands become changed by tbe action of light to a daik 
greenish hue wdiich may be almost black 

Itching of the skin was present m one thud of the cases 
In 60 per cent of the normal peisons the common bile duct is com- 
pletely sui rounded at its lo\ver end by the head of the pancreas In the 
remaining 40 pei cent the duct lies in a groove beLveen the gland and 
the doudenum Since a large pioportion of pancreatic tumors occur in 
the head of the pancieas, the common duct is apt to be occluded early 
by outside compiession, b) mfiltiation of the duct wall or by growth into 
the lumen of the duct Jaundice mav also be produced by obstruction 
of the hepatic duct by a metastatic nodule m the liver, even though the 
primar}'’ growth is in the tail of the pancieas (case 15) The occlusion 
of the duct is apt to become complete in a short time, so that bile is 
totally excluded fiom the intestine In sixteen of nineteen cases of 
jaundice bile was totally absent from the stools Paimentier and 
Chabial call attention to the fact that the jaundice is not a dissociated 
jaundice, but that the bile acids and bile salts are retained as well as the 
bile pigments They also state that the jaundice may deciease in the 
last weeks of life owing to a damaged hv’^ei and lesultant acholia In 
three of the cases in the Biigham Hospital theie was a possibihtv' of 
some reduction in the degree of jaundice, but in no case was the jaundice 
definitel} intermittent 

Jaundice occurred in eight} -three of the llo cases collected by 
Miiallie and in tvv enty-thiee of the thirty-one cases lepoited by Futcher 
They both state that it is often the hist s}mptom In the thirty-three 
cases from the Brigham Hospital, jaundice occurred twentv-five times 
In three instances it w^as the fiist s}mptom to appear, and in eleven cases 
it was the second 
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Pam — Pam was a prominent symptom m twenty-one cases 
It was the first manifestation of the disease m four instances and the 
second m three Speed reported that pain was severe m 61 pei cent of 
fifty-two cases It was an important symptom m fifty-six of 113 cases 
collected by Miralhe and m twenty-five of the thirty-one cases m the 
Johns Hopkins Hospital 

In general there are thiee types of pain associated with cancer of 
the pancreas One type is a steady, dull, severe, midepigastnc pain 
radiating to the lower part of the back Another type occurs m 
paioxysms of severe pain beginning near the umbilicus and ladiatmg to 
the back and front of the chest, and a thud type is a colicky pain m 
the right hypochondiium sometimes radiating to the right subscapulai 
region, fairly similar to gallstone colic Miralhe desciibes the pain of 
pancreatic caicmoma as occurimg m parox}sms of seveie, sharp pain, 
boring or tearing m character, present m the entire epigastrium and 
radiating to the back at the level of the twelfth dorsal and first lumbar 
vertebrae It may also ladiate to the front of the chest, abdomen and 
lower limbs The paroxysms aie sometimes brought on by food and 
sometimes by lying down Several cases have been reported m which 
the patient had the pain only when he lay on his back and was relieved 
when the body was flexed Vomiting may accompany the pain, which 
may last for an hour oi for any irregular period of time There 
are several different theoiies of the mechanism of the pain production 
Lucron believed that the paroxysms u ere pi oduced by pressure on the 
celiac plexus by the tumor mass The pain has also been attiibuted to 
bile stasis and to pancreatic obstruction Speed noted that the pain was 
relieved m many of the patients on whom cholecystostomies or chole- 
cystenterostomies weie performed In thirteen of the thirty-three cases 
the first type of pain was present In all thirteen the head of the pan- 
creas was occupied by a tumor, and also m ten of the thirteen instances 
the pain had been present for several weeks befoie the onset of jaun- 
dice In the remaining three, jaundice did not appeal There was 
radiation of the pam to the lower part of the back m eleven of the 
thirteen cases In six there was a definite relationship between the pam 
and the position of the body, the pam being woi se when the patient was 
lying down and relieved by sitting up oi by flexing the body 

The paroxysmal type of pam occui red m five cases The head of the 
gland was occupied by a tumor m three cases, the body m one and the 
entire pancreas m one, and the tumor masses were laigei than the aver- 
age tumor found In all five the onset of pam was earlier than the onset 
of jaundice The ladiation of the pam was to the front of the chest m 
two cases and to the back m two cases 


20 Lucron, quoted by Miralhe (footnote 5) 
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In thiee cases colic occuired m the light uppei quadrant The head 
of the pancreas was occupied by tumor in all thiee, and jaundice was 
present in all, having pieceded the pain in two The gallbladder was 
distended in all three, but there were no gallstones 

Appaiently one patient may suffer from two types of pain He may 
have the constant, dull, epigastric pain, and he may occasionally have 
atttacks of the paroxysmal vaiiety 

Nausea and Vomiting — Nausea with or without vomiting was an 
important symptom in twenty of the thiity-three cases It is a common 
accompaniment of attacks of pain or distress, and sometimes the patient 
suffeis fiom almost constant nausea Stimulation of the branches of 
the vagus has been suggested as one cause of nausea and vomiting 
Vomiting maj' be secondary to intestinal or pyloiic obstiuction In case 
2 the patient vomited large quantities of stomach contents, and at autopsy 
the stomach was found to be enormously dilated Undoubtedly the 
exclusion of bile and pancreatic secretion fiom the intestine, together 
with the 1 eduction of gastiic acidity, is responsible for consideiable 
nausea and vomiting 

Gash o-Inteshnal Distress — Epigastric distress not amounting to leal 
pain IS a common complaint Seventeen of the thirty-thiee patients 
gave a history of this symptom One of the most common descriptions 
IS that food seems to stick in the stomach and lies there as a heavy mass 
in the midepigastiium Oppression, heaitburn and constriction about 
the chest were othei teims by which the patients desciibed this symptom 
Gaseous eructations sometimes accompany the distiess 

Intestinal Distuibances — Constipation is the lule, being definitely 
bi ought on or inci eased in sixteen cases In no case was there a com- 
plaint of dial rhea Constipation is a well known sequel of a lack of 
bile in the intestine, but even m the cases without jaundice constipation 
was almost a constant observation 

Edema — Edema of the legs occuiied in ten cases, in three of which 
a partial obstruction of the vena cava was found In two, cardiac weak- 
ness was apparently the cause, and in one, in which the edema was 
confined to one leg, there was an intercurrent thrombosis of the liliac 
vein In the lemaining four, no anatomic explanation was found, and 
the edema can probably be ascribed to inanition 

Ascites — Free fluid in the abdomen was present in three cases In 
one there was cardiac decompensation, in another the fluid was due to a 
generalized carcinomatosis of the peritoneum, and in the third there was 
obstiuction of the portal vein Speed reported ascites in 20 per cent of 
his series Cases of chylous ascites due to obstruction of the thoracic 
duct by cancer of the panel eas are not rare in the literature 
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Hemafuiia — Bloody mine was the chief complaint of one of the 
patients In this case the carcinoma was situated m the tail of the pan- 
creas but had metastasized to the wall of the uiinary bladder Another 
patient showing hematuiia was found to have generalized caicinomatosis 
involving the left kidney Cases have been reported of involvement of 
the left kidney by diiect extension of the tumor growth from the 
pancreas 

Othcj Symptoms — Miialhe states that among the rarer symptoms 
aie multiple hemoirhages, puipura, melena and phlegmasia alba dolens 
Speed repoits hemorihage as a fiequent symptom probably due to rup- 
tured vaiices of the gastro-mtestinal tract 

PHYSICAL SIGNS 

Emaciation is the most common physical obserAation This was 
observed in twenty-four cases, in two of which the degree of emaciation 
is lecorded as extreme, in seven, as slight 

Jaundice — Jaundice was obseived at the fiist examination in twenty- 
three cases, and in two others it developed aftei admission to the hos- 
pital The jaundice was of extreme degree in thiiteen cases 

Pigmentation of the Skin — ^According to Parmentier and Chabral, 
theie may be a brownish pigmentation of the skin, parliculaily over the 
epigastrium, similar to that in Addison’s disease This is due either 
to an invasive destiuction of the suprarenal or to an irritation of the 
splanchnic sympathetic nerv'^es 

Live) — Because of the usually associated emaciation, the abdominal 
organs are, as a i ule, easily palpated Tlie liver was felt in twent} -six 
cases, in fifteen of which it was definitely enlaiged The enlargement 
was due m most cases to bile stasis, Bard and Pic having pointed out 
that the liver raetastases are usually small instead of bulky A metastatic 
nodule can larely be felt thiough the abdominal wall, and the hvei edge 
IS usually not tender Miialhe reported the livei enlarged in seventeen 
of 113 cases, and stated that the enlargement tended to disappeai in 
the course of the disease owing to destruction of the hvei tissue 

Gallbladdei — A dilated gallbladder was felt in fifteen of twent}'- 
three cases of jaundice, it was dilated in two of the remaining eight 
cases, but w^as not felt at examination In one instance the gallbladder 
had been lemov^ed previouslj^ for gallstones, and in twm others the gall- 
bladder was thickened and showed evidence of a chronic cholecystitis 
In one case the jaundice was due, not to obstruction of the common duct, 
but to compression of the hepatic duct by a metastatic nodule wuthin 
the hvei substance In another case the operative note does not describe 
the gallbladdei, and in the remaining case the opeiatoi described the 
gallbladder as distended but not dilated 
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Bard and Pic noted the frequenc)' of a palpable gallbladdei in 
jaundice associated with caicinoma of the pancreas, and later Cour- 
voisier pointed out its value in the difteiential diagnosis between com- 
mon duct obsti uction due to malignant disease and that due to gallstones 
(Courvoisier’s law) 

Futcher repoited a dilated gallbladder in twenty-one of twenty-three 
cases of jaundice, and in one the gallbladder was ruptured 

Chaiacteristically the dilated gallbladder is felt as a hard, rounded, 
smooth mass about the size of an egg, situated in the right upper 
quadrant distinct fiom and below the liver edge and descending with 
inspiration 

Tumoi Mass — tumor mass, which was not the gallbladdei, was 
felt in nine of the thiity-three cases Charactei istically the mass was 
haid, iriegular and not large Usually it lies in the midepigasti lum but 
may be felt in either hjpochondria The mass sometimes appeals to 
mo^e slightly with respiration When it lies ovei the aorta, pulsations 
aie transmitted to the abdominal wall, and if the aorta is compressed, a 
s} stolic bruit may be heard o^ er the tumoi Tendeiness is not a marked 
characteristic 

Da Costa found a mass in thiiteen of thirty-seven cases, Futchei 
in twelve of thirt}-one and others in about 30 per cent of the cases In 
general, it is an inconstant observation 

Ofhcj Signs — Enlarged penpheial lymph glands was the only obsei- 
vation m one case An inconstant sign is dilated abdominal veins when 
the vena cava is obstructed Intestinal obsti uction is sometimes indi- 
cated by visible peiistalsis and dilatation of the stomach Edema and 
ascites have already been discussed, but effusion into the pleuial cavities 
may result from metastatic involvement of the pleura 

Pcvei — In nineteen cases theie was a low grade fe^er present, but 
in only tliiee did the temperatuie lange above 100 F 

Pulse — Bradycaidia is not a common accompaniment of the jaundice 
In only thiee was the pulse rate below 70 per minute 

JJime — Bile was present in the urine of all the jaundiced cases, 
usually in laige amounts Some albumin usually accompanies the bile, 
due to renal nutation 

Glycosuua — Although glycosuiia has been associated with carcinoma 
of the pancreas from the first, genuine diabetes appeals to be a rare 
coincidence In only two of the Brigham Hospital cases was sugar 
piesent in the uiine, and the amount was appreciable in only one In tins 
case there was no other s} mptom of diabetes The incidence of gty- 
cosuria as found by othei authois is shown in table 3 
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Although cases of apparently genuine diabetes have been reported, 
most of the cases of glycosuria have been of the mild intermittent type 
Several authors have noted the apparent total lack of lelationship 
between the amount of pancreas destroyed and the glycosuria Bard and 
Pic concluded that the cases of true diabetes were merely coincidences, 
and that a mild intermittent glycosuria sometimes resulted when a large 
part of the pancreas was destroyed 

Since the incidence of diabetes mellitus is greatest in the fifth and 
sixth decade of life, it is not surprising that theie are some cases of 
diabetes in a group of patients representing the age group in which 
cancer of the pancreas is found In the inteimittent mild type of gly- 
cosuria there aie other factors besides the pancieas to be considered 
Damage to the liver occurs both by metastastic growth and by bile stasis, 
which undoubtedly affects the caibolwdrate metabolism, and it is gen- 
eralty recognized that many patients with cancer have a lower glucose 
tolerance 


Table 3 — Incidence of Glycosnua m Cases of Caicmoma of the Pancreas 


Author 

Xuniber of Cases of 
Gljeosuria 

Total Number of 
Cases 

Miralllo 

13 

50 

Guillon 

20 

71 

Pearce 

3 

SO 

Speed 

S 

52 

IMtcher 

3 

31 

Herringham 

1 

17 


In Joslin’s series of 5,121 cases of diabetes, the diagnosis of cancer 
of the pancreas was made in thirteen cases In only foiii of these was 
the diagnosis verified It appears from these figures that carcinoma 
of the pancreas is no more frequent among diabetic patients than among 
any other group of the same age 

Blood — A leukocytosis of over 10,000 was present in fifteen of 
fifty-three cases The difteiential count usually shows a moderate 
increase in polymorphonuclears 

An anemia of less than 4,000,000 erythrocytes was found in nine of 
twenty-one cases In the twelve cases in which the eiythioc}tes count 
was not made, the hemoglobin was noimal 

In jaundiced patients the blood serum is highly colored and gives 
a positive direct van den Bergh reaction 

Gash 1 C Contents — Free hydrochlonc acid was piesent after an 
Ewald meal in eleven of fifteen cases 


21 Bard, L, and Pic, Andrien De la glycosurie dans le cancer pnmitif du 
pancreas, Rev de med 17 929, 1897 

22 Personal communication from Dr Elliott P Joslin, Boston 1926 
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Stools In the twenty-three cases of jaundice, bile was absent from 
the stools in fifteen In two cases there was no recoid of an examination 
of the stools, while in the remaining six cases bile was piesent m at 
least small amounts 

Occult blood was present in the stools of ten of twenty-seven 
patients 

The amount of fat in the stools was not determined loutmely, but 
in seven instances the stools weie recorded as appearing to contain 
excessive fat Theie has been considerable diffeience of opinion con- 
ceinmg steatorihea It is supposed to be the lesult of obstruction of 
the pancreatic duct, but the paiicieatic juice is not the only digestive 
secietion concerned m fat absoiption The absence of bile retards the 
absorption of fat, and fatty stools are common in jaundice Since 
the lipase of the pancreatic juice hydrolyzes the fat, theoietically there 
should be a lelative inciease in the amount of neutial fat and a decrease 
in the propoition of fatty acids and soaps However, there is also a 
fat splitting enzyme in the intestinal juices which makes the lesults 
vaiiable Piatt, Lamson and Marks obtained variable results when 
they excluded the pancreatic secretion from the intestine in dogs The 
rate of peiistalsis is another factoi 

Northiup and Hertei studied the fat absorption in a single case of 
carcinoma of the head of the pancreas They found that 47 per cent of 
the food fat was lost m the feces, but that there was no appreciable 
increase in the proportion of neutral fat 

If over 30 pei cent of the dry weight of the feces is found to be 
fat. It IS an indication of malabsorption of fat Accoiding to Parmentier 
and Chabral, micioscopic examination of the stools in pancreatic obstiuc- 
tion should show muscle fibeis and vegetable cells which appear to be 
soaked in oil Undigested nuclei m the muscle fibers are supposed to 
be paiticulaily significant 

Roentgen-Ray Examination — Roentgen-ray examination of the 
gastro-intestinal tract is of little positive value in diagnosis In 
thirteen cases examined, the i oentgenologist was unable to make the 
coirect diagnosis in a single case In Speed’s series the roentgen-ray 
diagnosis was conect m two of twenty-three cases The chief value of 
the roentgen-ray examination is m ruling out cancer of the gastro- 
intestinal tract, which can be done with about 90 per cent of accuracy 
When the pancreatic tumor is small, the roentgen ray cannot be expected 
to show a lesion , but when the head of the pancreas is occupied by a 
large tumor, theie is a characteristic displacement of the first and second 

23 Pratt, Lamson, and Marks, quoted by Hewlett, A W Pathological 
Physiology of Internal Diseases, New York and London, 1923, p 184 

24 Northrup, W P , and Herter, C A Carcinoma of the Pancreas, Am J 
Med Sc 117 131 (Feb) 1899 
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portions of the duodenum to the light, and theie may be a displacement 
of the third portion downward, so that the duodenum is seen to make an 
abnormally bioad sweep around the legion of the head of the pancreas 
When a tumor of considerable size is situated m the tail of the pancreas, 
a piessure deformity of the greatei curvature of the stomach may be 
seen 

Dwatton — The duiation of life aftei the onset of symptoms is 
given by Bard and Pic as from six to seven months, by Miialhe as from 
four to five months, and by Parmentier and Chabral as from four to 
seven months The duiation depends on the lapidity of giowth and on 
the degiee of compiession of vital structures On the whole, the disease 
IS lapidly fatal, due to the stiategic anatomic position of the growth 

In the Brigham Hospital cases, the time elapsing between the onset 
of the first symptom and the admission of the patient to the hospital 
varied fiom ten da}s to one yeai, with an aveiage of four and thiee- 
tenths months In only eight instances had the patient had symptoms 
for moie than six months The duiation of life after admission to the 
hospital ranged from four days to one year, with an average for thirty- 
one cases of two and three-fourths months In only nine cases did life 
extend ovei four months The total duration of life fiom the onset of 
the first symptom vaiied in thirty-one cases from seven weeks to seven- 
teen and two-tenths months with an aveiage of se\en and three-tenths 
months Five patients lived less than three months after the appeai- 
ance of the fiist symptom, and ten lued for more than eight months 

PATHOLOGY 

On the whole, death occuis befoie the tumoi has grown to a large 
size, but m ten of the thirt} -three cases the tumoi mass was large 
enough to measure at least 6 cm m its greatest diameter The laigest 
tumor was found in case 31 It measuied 16 by 9 by 7 cm and weighed 
640 Gm The large tumors have then origin in the body or tail of the 
pancreas Tumors as large as a child’s head have been repoited 

The gross appeal ance of the tumor was described in almost evei}’- 
case as a haid, dense, lobulated, coaisely nodular mass On section 
it IS grayish or yellowish white and usualty shows evidence of infiltiation 
Often there is central necrosis, which may oi may not cause fever and 
leukocytosis According to McFarland,^" some carcinomas of the pan- 
creas are soft and massive, and in raie cases they are gelatinous 

The situation of the cancer is usually m the head of the pancreas, as 
It occurred m twenty-foui of thnty-three cases In three cases the 
body of the gland appealed to be the oiigmal site, and in two cases the 
tumor was confined to the tail Four panel eases showed total involve- 
ment by the tumor groivth In table 4 is shown the location of the 
growth as found in other series 
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Since the work of Baid and Pic in 1888, two distinct histologic t}pes 
of pancreatic carcinoma have been recognized One t} pe is represented 
1)}' cylindiic epithelial cells, which aie thought to have their origin in 
the proliferation of the duct epithelium The tumors of this t}pe are 
most apt to be scirihous in character, and sections show disseminated 
lobules in large amounts of fibrous tissue The lobules are composed 
of mail} lamifications with large lumina and a wall of a single layei of 
columnai cells showing abnormal mitotic figures In some sections the 
stiucture may be less tubulai and show detached gioups of cells imading 
the surrounding tissue 

The second t}pe of caicmoma aiises from the parenchymal oi acinai 
cells of the pancreas The cells in this type are large, polyhedral and 
contain large round or oval nuclei They are apt to be found scattered 
separately m a fine delicate stroma, in small groups or coids, or m 
acinai-hke aiiangements Theie is much less fibrous tissue present, 
and sometimes the sections appeal much like chronic pancieatitis The 
same characteristics and ariangements are found in the metastases 


Table 4 — Location of the Giozvth m Cases of Caicmoma of the Paitcicas 


Autiior 

General 

Head 

Bodj 

Tail 

LancenuN 

— 11 

2 

2 

Mirallie 

19 

39 

S 

4 

Oser 

1 

20 

2 

3 

Uoiat 

IS 

25 

5 

5 


The islands of Langerhans apparently do not give use to carcinoma, 
although Fabozzi concluded that all t}pes of pancreatic caicmoma 
aiise from the islet tissue Hypeiti opined islands occui which may be 
considered adenomatous , these have been described by Le Comte He 
reported a case in which a single island was found which measured 
10 cm in its greatest diameter 

In eighteen cases of the Brigham Hospital series in which the his- 
tolog} could be studied by autopsy or biopsy, the columnar or duct 
type of cell was found in cases 4, 7 , 14, 21, 22, 26, 30 and 33 The 
acinai or parenchymal cell was found m cases 2, 3, 11, 15, 16, 17, 19 
and 20 In case 31 there appealed to be a mixed histology, both types 
of growth being piesent Case 28 showed a cell which was not typical 
of a pancreatic cell, and the tumoi appaiently originated in the gall- 
bladder 

It was impossible to deteimine any relationship between the type of 
growth and the metastatic or infiltrative actnity, size of the tumor, 
location of the mass, necrosis or duiation of life 

25 Fabozzi Beitr z Path Anat u z allg Pathol 34 199, 1903 

26 Le Comte, R M Adenoma of the Islands of Langerhans, J M 
Research 24 251 (Dec ) 1913 
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Of thirty-three cases of carcinoma, the growth was primary m the 
pancreas in thirty In case 11a caicmoma of the duodenum had ulcer- 
ated into the pancreas so that pancreatic tissue was exposed to the 
lumen of the duodenum The bile duct was the primary focus m case 12 
and the gallbladder in case 28 Some authors assert that secondar} 
carcinoma m the pancreas is moie common than primaiy carcinoma, and 
that the stomach is the most important primai) legion Secondary 
growths usually leach the pancreas by diiect extension 

A laige majority of pancreatic cancers show earl} metastases chiefly 
to the lymph nodes along the anterior boidei of the pancreas, bile 
ducts and the lesser cuivature of the stomach and to the Iner Se\en 
cases showed generalized carcinomatosis Case 16 showed metastases 
to the brain In no case were bony metastases disco\ ered The metas- 
tases are disseminated chiefly through the l}mphatics, but the blood 
stieam is often invaded A spread of tumoi giowth downward through- 
out the peiitoiieal cavity is not uncommon 

Diiect extension of the tumor into the sui rounding tissue w'as found 
m nine cases The stomach, small intestine, common bile duct, left 
kidney, left supiarenal and laige veins are the organs most commonl} 
invaded Cases have been lepoited that ha^e been examples of com- 
pression of the gastro-mtestmal tract, bihaiy tracts, portal \em, vena 
cava, aorta, splenic and mesenteric -vessels, thoracic duct, left ureter 
and renal vessels 

Erosion into the gastro-mtestmal tract ma} gne rise to serious 
hemorrhage Ulceration about the papilla of Vatei may result m the 
release of bile obstruction In several cases it -was found that although 
there had been complete obstruction of the flow of bile a probe could 
be passed into the common duct and bile could be forced into the duo- 
denum by pressuie on the gallbladder, thus showing that the common 
duct IS sometimes collapsed without being infiltrated 

The portion of the pancreas that is not invaded by tumor usually 
shows the fibrous changes of chronic pancreatitis The islands of 
Langerhans tend to persist and are found even within the tumor tissue 
In the border region between tumor and pancreatic tissue the islands 
are often hypertrophied and much moie numerous than normal, 
analogous to the conditions which are produced m animals by ligation 
of the pancreatic duct The acinar tissue atrophies, allowing the islands 
to come closer together 

The liver suffers from biliary stasis, central necrosis and cirrhosis 
The liver metastases are usually small, because death occurs before they 
have time to attain a large size 
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DIAGNOSIS 

When jaundice is present, the most impoitant condition in the differ- 
ential diagnosis is obstruction of the common duct by gallstones The 
jaundice in malignancy is practically always progressive and uni emit- 
ting 111 chaiacter, while in cholelithiasis the jaundice is usually intermit- 
tent In cholelithiasis the histoiy is longer and characterized by a long 
peiiod of attacks of indigestion, colic and fever Cachexia is an impor- 
tant difleiential sign, because it is present in jiractically all cases of 
cancel that have progiessed to the point of producing jaundice, although 
it must be lemembered that large losses of weight sometimes occui in 
cases of long-standing jaundice due to gallstones When a dilated gall- 
bladdei can be palpated in the presence of jaundice of the progiessive 
type, the diagnosis of carcinoma is probably correct, although Coui- 
voisiei’s law is not infallible The gallbladder is occasionally dilated 
in jaundice due to a common duct stone, as was found eight times in 
twenty-foui opeiations for this condition at the Brigham Hospital In 
only four of the eight cases was it possible to palpate the dilated gall- 
bladdei, because of the obesity of the patient and the thickness of the 
abdominal wall Eckhns statistics on 172 cases of obstruction of the 
common duct due to gallstones showed the gallbladder contracted in 1 10, 
noimal in thirty-foui and dilated in twenty-eight In 139 cases of 
obstruction not due to gallstones, the gallbladder was contracted in nine, 
normal in nine and dilated in 121 When a tumor mass can be palpated 
111 the region of the head of the pancreas, or if ascites develops later, 
the diagnosis of caicmoma is more certain 

Infectious jaundice and catanhal jaundice are differentiated by the 
onset and course Fever is not prominent in carcinoma unless the 
cachexia is marked 

Chronic pancreatitis may cause a clinical picture similar to that of 
carcinoma, and it is difficult to distinguish between them even when the 
abdomen is open, unless the operator can find metastases in the liver In 
chronic pancreatitis with obstruction of the common duct there is usually 
a long previous period of illness 

It IS practically impossible to distinguish obstruction of the common 
duct by carcinoma aiising in the liver, gallbladder, bile ducts or ampulla 
of Vater 

When there is no jaundice, the diagnosis is even more difficult, unless 
a tumor can be felt or unless an external pressure deformity of the 
stomach is shown by the roentgen ray A tumor mass in the region of 
the body or tail of the pancreas is to be differentiated from carcinoma 
of the stomach or other adjacent organ, pancreatic cyst, enlargement 
of the retroperitoneal glands and abdominal aneurysm Roentgen-ray 


27 Ecklm, Inaugural Dissertation, Basel, 1896 
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examination by means of the opaque meal or pyelogiam is valuable m 
ruling out cancer of the gastro-mtestmal tiact and of the left kidney A 
pancreatic cyst is excluded by its physical chaiacteiistics and by the 
usual absence of cachexia Geneial glandulai enlargement is not usually 
found in carcinoma of the panel eas A tumor mass in the pancreas will 
transmit the aortic pulsations, but the pulsations aie not expansile 

The preoperative diagnosis was coirect in nine of nineteen cases of 
the Brigham Hospital series 

SPECIAL TESTS 

It would seem that the presence or absence of glycosuria is of less 
significance than is generally supposed A quantitative estimation of the 
fat content of the stools is of value but is not conclusive 

Duodenal diamage and an analysis of the contents foi bile and pan- 
creatic feiments has been particularly advocated by Crohn-® He finds 
that the absence of the least tiace of bile is rare, except in malignant 
obstruction Tiypsm diastase and pancieatic lapase are detected in the 
duodenal contents by the digestive action of the fluid on egg white, 
soluble staich and butter fat when incubated and compared with the 
action of a control in which the ferments have been destroyed by heat 
Practically all of the special tests used in pancreatic disease ha\e been 
reviewed by Decker,-® and his conclusions weie that none of the tests 
aie reliable Unfortunately, the duodenal contents were not examined 
in a sufficient numbei of the cases reported here to nairant any con- 
clusions as to its diagnostic value In accordance with the theory that 
in pancreatic obstruction theie is an absorption of the external secretion 
of the panel eas by the blood analogous to the cholemia which is found 
in the obstruction of the bile tiact, Wohlgemuth®® devised a test for 
amylase m the blood and urine Since then his technic has been modified 
and his obseivations of amylaemia have been confirmed b}’- Ge3'ehn,®^ 
Corbet and Noguchi 

TREATJIENT 

The treatment of caicmoma of the pancreas is unsatisfactory At 
best It is only palliative and symptomatic Exploratoiy lapaiotomy is 
nearly always indicated on the grounds of a possibl} mistaken diagnosis, 
and the patient may be cured by the removal of an impacted gallstone 

28 Crohn, Burrill B New Growths Involving the Terminal Bile Ducts, 
Their Early Diagnosis by Means of Duodenal Contents Analysis, Am J Med Sc 
148 839 (Dec ) 1914 

29 Decker, H Ryerson The Recognition of Pancreatic Insufficiency with 
Special Reference to the Loewi Test, Boston M & S J 176 867 (June) 1917 

30 Wohlgenuth, quoted by Noguchi (footnote 32) 

31 Geyelin and Corbet, quoted by Decker (footnote 29) 

32 Noguchi, Y Ueber die Fermentdiognosis bei Pankreasverletzung, Arch 
f khn Chir 98 545 (May 21) 1912 
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from the common duct If cancer is found, it is usually comparative!} 
eas} to anastomose the dilated gallbladder to the duodenum, a proceduie 
that opens a new route for the passage of bile into the intestine 
Although life may not be materially prolonged, the patient is made much 
more comfortable, paiticularly if theie has been much pruritus oi gastric 
distress associated with the jaundice The usefulness of the gallbladder 
in such situations make it unwise to remove the srallbladder during 

o O 

operations for disease of the biliaiy tiact unless the possibility of pan- 
creatic carcinoma seems i emote 

Excision of the tumor is laiely feasible because of the earlv metas- 
tasis Operation on the panel eas is extremely difficult because of the 
inaccessibility of the organ, the danger of hemoiihage and the loss of 
panel eatic juice in the peritoneum Sutuies are quickh digested b} the 
panel eatic ferments, which aie toxic when mixed with blood 

Finney"’^ in 1910, reported a case in vhich he had removed a large 
tumor fiom the body of the pancieas The body of the pancieas was 
removed with it, and the head and the tail of the organ were sutuied 
together, packed off and drained The patient A\as m perfect health six- 
teen months latei Finne} found sixteen othei cases of resection of the 
pancrease for primarj tumor in the literatuie Nine of the seventeen 
patients ieco\ered, in three of these the pancreas had been completel} 
divided Kausch advocates surgical treatment in two stages The 
first stage is a cholec} stenterostomy, and aftei recoveiy from the jaun- 
dice radical excision of the tumor, including the head of the pancreas 
The pancreas is then implanted into the lover end of the duodenum, 
and a gastro-entei ostom} is perfoimed if necessary Radwitz**'' repoits 
that the immediate moitalit} in radical operations for cancer of the pan- 
creas IS 50 per cent, and that no patient sur\ n es more than five months 
Successful treatment with roentgen ra\5 has not been lepoited 


605 Commonwealth A^e 


33 Fmne 3 , John M T Resection of the Pancreas, Ann Surg 51 818 (June) 
1910 

34 Kausch, quoted bj' Crohn (footnote 28) 

35 Von Redwitz, E Surger} of the Pancreas, ^lunchen med V'chnschr 
71 1561 (Kov 7) 1924, abstr J A M A 83 2053 (Dec 20) 1924 
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The anomaly of human bodily structure most often encountered is 
excessive storage of fat and, as a consequence, abnormal increase m 
weight Only a few investigations have been made to ascertain the cause 
Obesity is generally divided into two groups endogenous and 
exogenous, but a shaip distinction between the two has not been drawn 
Some investigators consider as endogenous obesity only that type m 
which symptoms other than corpulence indicate an endocrine disease, 
while others are of the opinion that ultimately almost all cases of obesity 
are exogenous Howevei, there is much confusion on this point It 
IS certain that a regulation of the body weight takes place When 
we consider what minimal amounts of fat must be stored per day in 
order to produce a considerable increase in weight and compare them 
with the daily intake of food, it is easily seen that this legulation must be 
delicate, so that it seems improbable that the appetite should be the onl> 
regulating factor This is evident from the fact that many persons are 
induced by habit and external conditions to take amounts of food 
which cannot possibly depend exclusively on their appetite The prob- 
lem, therefore, cannot be put as a simple addition and subtraction of the 
intake and expenditure of the organism If the regulation by the 
appetite is disregarded, so that the person constantly eats more than 
he needs — and certainly large excesses play a role in many cases — one 
IS forced to adopt the view that a regulation takes place m the com- 
bustion of the foodstuffs , otherwise the weight of such a person would 
increase rapidly Experience shows, however, that in spite of the con- 
sumption of large amounts of food, the weight of many persons does not 
vary Therefore there must be a regulation independent of the appetite 
Obesity cannot be due exclusively to overnutntion, but to a disturbance 
of the regulation of the combustive processes in the organism Our idea 
was to investigate to what extent obesity could be considered as a 
qualitative anomaly of metabolism, more or less analogous to diabetes 
mellitus Most previous authors have considered the problem as a 
purely quantitative question of the intake and expenditure of caloiies 
As obesity frequently accompanies or is a precursor of both light 
and severe cases of diabetes, we started from the working hypothesis 
that obesity in many cases might be due to an abnormally increased 
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transformation of caibohydiate into fat This article contains an 
experimental study of the hypothesis 

When we planned our work, investigations hy one of us (H C H ) ^ 
were at hand From these it seemed evident that hy using the method 
which most natuially might he employed to solve the problem, that is, 
the determination of the respiratory quotient after the intake of carbo- 
hydrate, we would he confronted with serious difficulties It was neces- 
sary to make several experiments on the same person within a few 
hours, and it was feaied'that the whole experimental method, even if 
the expel iments might solve the problems, would become so difficult that 
the clinical employment of the method would he impossible 

Therefore, we planned the following experiments We knew from 
Krogh and Lindhard’s woi k ~ that a diet consisting mainly of carbohy- 
diates causes the lespiiatory quotient m the postabsoiptive state to rise to 
a high level If some persons transform a gieat amount of carbohy- 
drates into fat shortly after their intake, and consequently have a higher 
quotient than noimally shortly after the meal, they must have a lower 
quotient than normal peisons on the following morning, in the post- 
absoi ptive state Hence out aim was to determine whether obese persons 
living on a diet consisting mainly of carbohydrates have a lower quotient 
in the postabsoiptive state than normal persons on the same diet 
Before describing oui experiments, we must refer to the lesults of 
some recent work coiicei niiig the pathology of metabolism in obesity 
Liebesny and Plant have investigated the specific dynamic action of 
protein in obese persons and have arrived at interesting conclusions 
However, they do not seem to be directly related to the problems with 
which we have been dealing Investigations by Strouse and his 
co-workers,® concerning which we did not have any knowledge until 
after our experiments were finished, are, however, intimately connected 
with our problem Our investigations, in fact, confirm and supplement 
their experiments We cannot subscribe, however, to the calculations 
and explanations given by Strouse Their experiments were carried out 
m the following manner The patients received test meals of the three 
mam foodstuffs, after which short period respiratory experiments and 
determinations of urinary nitrogen were made When they make their 
calculations m these experiments, the authors take it for granted that a 

1 Hagedorn, H C An Apparatus for the Graphic Recording of Oxygen 
Consumption and Carbon Dioxide Output, Especially Adapted for Clinical 
Work, Biochem J 18 1301, 1924, Studies Concerning the Regulation of Blood 
Sugar, Physiological Papers dedicated to Professor August Krogh, Copen- 
hagen, 1926, p 80 

2 Krogh, A, and Lmdhard, J The Relative Value of Fat and Carbo- 
hydrate as Sources of Muscular Energy, Biochem J 14 290, 1920 

3 Wang, Chi Che, Strouse, S, and Saunders, A D Metabolism of 
Obesity IV, Distribution of Energy Production After Food, Arch Int Med 
36 397 (Sept ) 1925 
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ceitain amount of nitrogen excieted in the urine coiiesponds to a 
ceitain amount of piotein combusted, and fioni the nonprotein quotient 
they calculate how much fat and caibohydrate has been combusted 
during the coriesponding period We are, however, of the opinion that 
this treatment of the excellent and impoitant expel imental lesults is 
not justified First, we cannot take it foi gi anted that a given amount 
of protein has been combusted when the coiiesponding amount of 
nitrogen has been excieted, foi this only shows that the piotem has 
been deamidized while the lest of the molecule may be retained 
m the oiganism and contain laige amounts of energy It is not a 
theoretical conception, but it is a well established fact that caibon is 
letained as glycogen after the ingestion of large amounts of meat 
(Williams, Rice and Lusk,'* expeiiments on dogs) Another objection 
IS that the nonpiotein quotient cannot be legarded as a definite expres- 
sion for the combustion of fat and cai bohydi ate , this is only possible 
when no anabolic processes take place We must refei to the article by 
Krogh and Lindhard, the fai-i caching results of whose work do not 
as 3^et seem to have been given sufficient attention Strouse and his 
co-workeis believe that they have shown that obese people combust less 
fat after meals than normal persons, according to their method of cal- 
culation, this means that they have found a greater use of the quotient 
aftei meals in obese than in normal persons This is just what was to 
be expected when a transformation of caibohydrate into fat takes place 
to a gi eater extent than in normal persons 

Our experiments were undertaken with thiity obese patients (foiii 
men, twenty-six women) and sixteen normal persons (five men, eleven 
women) Furthei, we added from Krogh and Lmdhard’s paper the 
lesults obtained in foui normal men who were examined after being 
on a diet similar to ouis (the results for these four experiments are 
given in table 1 ) In making the calculation of the normal weights, the 
tables of the American life insurance companies (quoted from Joshn*') 
were employed Compared with this, the normal persons had a weight 
of between — 14 and -f-13 pei cent, and on an average — 1 5 per cent 
The obese patients had an overweight of between 92 and 11 per cent, 
an average of 44 per cent The objection may be raised that one of the 
normal persons had greater overweight than one of the obese persons 
The explanation lies in the fact that the degree of overweight is not an 
absolutely correct expression of the degree of obesity Hence we have 
considered it justifiable to let the judgment of the observer be deter- 
mining, and not to alter this on account of the result of the calculation 
of the overweight arrived at later Besides, this is unimportant for the 
final result 

4 Lusk, G Science of Nutrition, Philadelphia, 1921, p 226 

5 Joslin, E P Treatment of Diabetes Mellitus, London, 1924, p 761 
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1 04 

—11 

0 82 







1 00 


0 84 

47 

H 51 

K 31 J 

g 

58 

103 

117 

119 

119 

123 

0 

0 77 

0 80 

70 

H 53 

J0 

9 

49 

155 

76 

0 99 

100 

104 

J- 3 

0 79 

0 80 

27 

H 58 

Sv 

g 

31 

167 

91 

114 

1 36 
117 

+ 2 

0 85 

0 84 

45 

H 00 

E 

o' 

4S 

165 

111 

130 

1 31 

1 29 

0 

0 73 

9 76 

00 

Hg 144 

H C H 

c? 

30 

187 

110 

1 39 

1 ”2 
127 

—11 

092 

0 93 

28 

Hg 173 

A P 

9 

30 

162 

SI 

110 

123 

120 

+13 

0 87 

0 87 

38 

*- Du Bois’ standard 

— 

3 per cent is iised 

according to A 

Krogh (Boston 

M A S 

J IStl 


213, 1923) . „ . , 

* In this column cT indicntes male, ?, female 
f Benedict's tables 

} Three days carbohydrate diet 

P Experiment somewhat dubious u n n ’r-u n Tasi 

# 'riirce dajE earbohjdrate diet (second day, R Q 0 (31, 0 
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Table 1 — Gcneial Table of Expenments — Continued 


Esp 





Normals 

Predicted 

Metab- Ob 
ollsm served 
(BuBois Metab- 

Percent- 
age of 
Devi a- 

Ecspira 

tory 

Quo- 

Per- 

centage 

Over- 

No 

Subject 

Sex 

Age 

Height Weight 

-£77o) 

olism 

tion 

tient 

weight 

H-J I 

P J 

d 

20 

182 

78 

1 26 

1 23 
114 

— 6 

0 92 
092 

-HO 

H-J IV 

N A 

d 

23 

175 

70 

116 

1 14 

1 09 

— 4 

0 91i! 
090 

+ 3 

H 3 

N 

d 

21 

173 

59 

108 

110 

118 

+ 8 

0 95 

0 94 

—11 

H 22 


d 

21 

172 

63 

109 

1 12 
104 

— 1 

0S2»* 

083 

— 1 

H 63 

B H 

9 

20 

152 

57 

090 

09S 

097 

+ 8 

OSS 

088 

-H2 

H 64 

A H 

9 

20 

160 

60 

096 

114 

114 

-fiott 

0 82 
082 

-i- 9 

H 65 

Chr 

9 

19 

160 

62 

099 

097 

1 02 

0 

0 66 
084 

-H3 

Hg 63 

K H 

d 

20 

189 

so 

1 33 

131 

1 31 

— 1 

0 85» 
084 

+ 7 

Hg 131 

S 

9 

31 

170 

61 

100 

000 

0 91 

—10 

084 

083 

—10 

Hg 145 

H N 

o 

19 

169 

66 

107 

1 04 
104 

— 3 

0 80 
087 

-i- 8 

Hg 150 

I L 

9 

26 

169 

61 

099 

1 02 
101 

-h 2 

0 85 
081 

— 3 

Hg 174 

B M 

9 

21 

174 

61 

102 

1 06 
lOS 

-f 5 

073 

0 73 

— 6 

Hg 178 

M H 

9 

37 

161 

60 

092 

097 

0 95 

+ 4 

0 91 
090 

0 

Hg 179 

K J 

9" 

20 

ICO 

58 

097 

0 99 
099 

+ 2 

088 

088 

0 

Hg 180 

B 0 

9 

21 

169 

64 

096 

104 

107 

•f 9 

081 

084 

—13 

Hg 181 

M B 

9 

19 

176 

66 

109 

099 

102 

— 9 

076 

0 76 

+ 3 

A K,p 

300, Feb 12 

d 

42 

176 

07 

1 10 

104 

1 05 

— 5 

088 

087 

—10 

B E , p 306, June G 

d 

25 

170 

64 

109 

1 34 

1 31 

-f29 

0 93 
090 

— 3 

0 H , p 316, May 14 

d 

23 

179 

80 

1 27 

1 46 

1 40 

-H3 

0 95§§ 
0 95 

-H4 

A M N , 

, p 323, Feb 2 

d 

24 

175 

63 

110 

122 

1 17 

+ 8 

090 

088 

+ 9 


One day carbohydrate diet (2 days R Q 0 811, 0 819) 

II Three days carbohydrate diet (2 days B Q 0 882) 

■ft Eleven a m after three-fourths hour of repose At uork from 8 30 a m 
fj Four days carbohydrate diet 

§§ Three days carbohydrate diet (2 days B Q 0 92, 0 90) 


Part of the obese people were patients in the hospital and part were 
private patients These patients were examined without having i eceived 
any previous treatment They took the following diet for two days 
before the experiment, and were told to eat plentifully 

Breakfast Toast with marmalade or honey Coffee or tea with 
sugar (no cream) Rice porridge or oatmeal porridge Boiled fruit 
Lunch Macaroni or boiled iice with tomato sauce (with a little 
cheese) One egg Potatoes (boiled, roasted) Sauce without butter 
(or any kind of fat) Bread with marmalade or honey 
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Af tei noon meal Bananas, oranges, apples or pears , buttermilk 

Dmnei Rice porridge with fimt juice 100 Gm boiled cod or 
plaice with 10 Gm melted butter Potatoes Fruits, law or boiled (nuts 
not to be eaten) 

Suppei Rice or bailey porridge with fruit juice Bread with mar- 
malade 01 honey Figs, dates and other fruits (except nuts) Tea, 
buttermilk 

Flour, meal, fruits (except nuts), vegetables and sweets can be eaten 
as desired at any time of the day Fish, eggs and buttei must be taken 
only in the amounts piesciibed 

The determination of the lespnatoiy metabolism was made in the 
morning oi eaily m the forenoon, befoie the patient had had his break- 
fast and after complete rest foi fiom one-half to one hour All the 
persons who were examined breathed with a mouthpiece and nose-clip 

Tablt: 2 — Results of Expo imcnts on Notmal Pci sons and on Obese Patients'^ 




Respiratory Quotient 


0700 0 823 

0 623-0 OCO Mean 

Normal Persons 

Total number ol single 

Number of single 


determinations 40 

determinations S 

33 OSGIH-OOOO 


13% 

87% 

Obese Patients 

Total number oi single 

Number of single 


determinations 58 

determinations 34 

24 0816-4-0 003 


59% 

41% 

DilTercnco 


0048 + 0012 

Average overweight 

53% 

30% 


* The experiments on normnl persons and obese patients are divided into two groups, the 
one comprising the experiments in ivhich the quotients are iiigber tlinn 0S25, the otlier com- 
prising the quotients lower than 0 825, the average overweight tor the patients in each group 
is given 

into the apparatus at least once befoie the deteimmation This is 
important, as nervousness and uneasiness may otherwise make the results 
inaccurate The expeiiments were undei taken with Hagedorn’s appa- 
ratus, which giaphically records oxygen consumption and carbon dioxide 
production Double deteiminations (each lasting ten minutes) were 
made on eveiy patient All expeiiments in which the curves were not 
straight were rejected, as this signifies uneven ventilation Experi- 
ments m which the double deteiminations showed a greater difference 
between the quotients than 0 03 weie also rejected One set of double 
deteiminations was rejected in which the quotients of 1 1 and 1 12 were 
found Probably this patient had received a meal by mistake a short 
time before the examination Even if this experiment is taken into 
consideiation, it does not alter the final lesult of the senes A number 
of both patients and normal persons were examined several times Eight 
of the obese patients were examined after having been on the carbohy- 
drate diet one day and two days The average quotient after one day 
was 0 843 and after two days 0 843 Five were examined after two 
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days and three days on a carbohydrate diet The average quotient was 
0 814 and 0 807, respectively No significant difference was found for 
normal persons that had been on the diet for one, two oi three days 
In table 1 are given the experimental results after a caihohydrate diet 
generally for two days The figures given in this table have been 
employed for the succeeding calculations In table 2 the averages for the 
experiments on the obese patients and on the normal subjects have been 
given, together with the mean error of the two series As will easily be 
seen, a real difference is found, so that obese persons on an average 
have a lowei quotient on a carbohydrate diet than normal peisons 




In the chart, the numbei of cases observed foi each quotient is 
plotted The upper part of the chart represents the lesults for the 
obese patients, the lower part lepresents the observations for normal 
persons The peicentage overweight for the obese is also given It 
IS remarkable to note that the phenomenon of the low lespiia- 
tory quotient is related to the percentage overweight m such a 
manner that the greater the percentage overweight, the lower the quo- 
tient observed For the normal persons the weight was also brought 
into relation with the quotient, but no dependence was found 

As will be seen, there are two normal persons with a low respiratory 
quotient With all the reservations necessary when so few observations 
are taken into consideration, we may suggest that these persons may be 
disposed to obesity The two women weie 18 and 20 yeais old It does 
not seem unreasonable m view of the frequency of obesity to suppose 
that the anomaly ultimately resulting in obesity may be found m young 
persons who apparently are still normal 
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The 1 elation shown between the percentage overweight and the 
respiratory quotient on carbohydrate diet shows that the obesity is in 
some way or other connected with qualitative anomalies m the metalio- 
hsm, but this does not exclude the possibility that in some t}pes oi 
obesity the low respiratoiy quotient is not piesent If such types are 
present m our mateiial, they have escaped lecognition, since, on account 
of the laige individual diffeiences, we have been obliged to combine and 
tieat the material in groups 

SUMMARY 

A number of normal and obese peisons have been examined by 
determining then respiratory quotients by means of a self-iecordincc 
appaiatus aftei they had for two days taken a diet consisting chiefly of 
carbohydi ates By this method a leal diffeience between the mean 
respiratoiy quotient m obese and in normal persons has been found, the 
respiiatoi}^ quotient in obese patients being lower than that in normal 
peisons The results confiim the hypothesis that obesity is due to a quali- 
tative anomaly in metabolism, i e , an abnoimally increased tiansfoima- 
tion of carbohydi ate into fat It has been shown that a relation between 
the percentage ovei weight and the lespiratory quotient in obese sub- 
jects IS found, patients with gieat overweight having a paiticularly low 
respiratoiy quotient, while the patients with less overweight have a 
respiiatory quotient which is nearei oi within the normal zone 

The expel iments have been uiidei taken partly m the third medical 
depaitment of the City Hospital of Copenhagen and paitly m the pri- 
vate laboratory of Dr Hagedorn 



BLOOD PRESSURE OF FOREIGNERS IN CHINA-' 


JOHN H FOSTER, MD 

WATERBURY, COICX 

Hypertension, unassociated with caidiac or renal disease, so common 
in other countries, is uncommon in China Attention has been called to 
this by Cadbury,^ Cruickshank,= Kilborn^ and others, who have also 
shown that the average blood pressure of the Chinese is lowei than the 
average for persons in other countries In the Hunan-Yale Hospital, of 
more than 4,000 cases m the medical seivice department during the past 
four years, there has been only one diagnosed as essential h} pertension, 
and, including the cases of nephiitis and cardiac disease, not more than 
twenty with blood pressures over 160 During two years, 1918 and 
1919, of 4,940 patients in the medical service of the Peter Bent Brigham 
Hospital,^ Boston, there were 236 cases of essential hypertension and 
146 cases of chronic nephritis with h3'pei tension 

It has been my impression and that of otheis on our staff that less 
hypertension is seen among the Occidentals living in China, and that 
the average blood pressure of foreigners is lower than the average 
usually accepted as normal Little information on this point has been 
found m the journals and textbooks on tropical medicine 

Studies on the blood pressure in India ° seem to show that the 
average systolic blood piessuie of the Hindus is about 100 millimeters 
of mercury, while that of the Europeans in Bengal is from 115 to 
130 mm There are conflicting reports from the Philippines Musgrave 
and Sison,® in 1910, and Concepcion and Bulatao,^ m 1916, found that 
the blood pressure of the Filipinos was lower than the average given 
for Americans and Europeans, and that the blood pressure of Americans 
living in the Philippines was about the same as that of the Filipinos 

From the Department of Medicine, Hunan-Yale Hospital, Changsha, China 

•' Read before the Section of Medicine at the Conference of the China Med- 
ical Association, Peking, China, Sept 1-8, 1926 

1 Cadbury, W W The Blood Pressure of Cantonese Students, China M J 
37 823 (Oct ) 1923 

2 Cruickshank, E W H Physiological Standards in North China, China 
M J 37 1 (Dec ) 1923 

3 Kilborn, L G The Blood Pressure of Szechuenese Students, China M 
J 40 1 (Jan) 1926 

4 Hospital Rep Peter Bent Brigham Hospital, 1918 and 1919 

5 McCay, D , quoted by Cadbury (footnote 1) 

6 Musgrave, W E, and Sison, A G Blood Pressure in the Tropics, 
Philippine J Sc 5 325 (Aug ) 1910 

7 Concepcion, I , and Bulatao, E Blood Pressure of the Filipinos, Philip- 
pine J Sc 11 135 (May) 1916 
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Chamberlain,® howevei, in 1912, at the head of an army boaid appointed 
to investigate ti opical diseases m the Philippines, during a careful study 
of more than 6,000 observations on the blood pressure of 1,042 American 
soldiers and of more than 500 observations on 386 Filipino soldiers, 
concluded that. The blood pressure of Americans lesiding in the 
Philippines differs but little if any from the average at home” (average 
115 mm for from 18 to 30 years of age and 118 for over 30), and that 
there was not a tendency foi the blood pressure to rise or fall with 
increasing length of lesidence, up to three years, the limit of their study 
He found that the average pressure for the Filipinos was “practically 
identical with that for the gioup of white men” (116 mm for from 15 
to 40 years of age) The textbooks ® lefer only to Chamberlain’s work 
in their biief references to blood piessure in discussing the effects of 
the tropics on the white race 

In 1923 the Health Committee of the Yale Mission introduced a 
unifonn system of medical examinations for candidates before coming 
to China and annual examinations thereafter In the four years’ records 
now available, there aie two points that have impressed the members 
of this committee first, that the average systolic blood pressure for the 
whole group is lower than the usual average foi Americans, and second, 
that many show a definite drop in blood pressure in China as compared 
with the pressuie recorded in America 

From the hospital and health records my co-workeis and I obtained 
the blood piessure of 120 men and women, all foreigners — a few 
Europeans, but mostly Americans Persons with diseases which were 
likely to affect the blood pressure were not included The foreign 
community of Changsha is small, which has made it difficult to get a 
larger senes The blood pressuie of the men and women was almost 
identical, an aveiage of 112 mm for sixty-three women and 113 mm 
for fifty-seven men The distribution was approximately the same, so 
the results for both men and women are included in the same table 

The blood pressuie of 278 appaiently healthy local Chinese was 
obtained from the Hunan-Yale Hospital and Dispensaiy records for 
comparison 

In 1923, Alvarez^® reported the blood pressures m nearly 15,000 
American men and women His results are included with ours in 
table 1 

8 Chamberlain, W P A Study of the Sjstohc Blood Pressure and the 
Pulse Rate of Healthy Adult Males m the Philippines, Philippine J Sc 6 467 
(Dec) 1911 

9 Castellani and Chalmers Manual of Tropical Medicine, 1919 Bjam 
and Archibald The Practice of Medicine in the Tropics, 1921 

10 Alvarez, W C Blood Pressures in Fifteen Thousand University Fresh- 
men, Arch Int Med 32 17 (July) 1923 
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In table 2 aie shown the results foi a slightly different group includ- 
ing Americans and Filipinos in the Philippine Islands, as repoited by 
Musgiave and Sison and by Chamberlain Cadbuiy’s figures for Can- 
tonese students are also given in this table 


Table 1 — Paccntage Distiibutiou of a Sates of Systolic Blood Pi essnrcs of 
Gtoups of Foi Cigna s and Chinese m Changsha Coinpaicd zvith 
Ava ages foi Aina icons 


Blood Pressures 



80 

90 

100 

no 

120 

130 

140 

ISO 

100 

Number 


to 

to 

to 

to 

to 

to 

to 

to 

to 

E'cnm 

Foieigners (Changsha) 

89 

99 

109 

119 

129 

139 

149 

159 

1C9+ 

Ined 

men and omen 

2% 

197e 

30% 

23% 

is% 

5% 

3% 

1% 

2% 

120 

Chinese (Changsha) 
Women USA (Alva 

3% 

18% 

327o 

297o 

10% 

3% 

STo 

Z7o 

1% 

273 

reziio 

(0 3%) 

37r) 

187o 

3C7o 

29% 

10% 

2% 

1% 

1% 

9,000— 

Men, USA (Alvarez) 
Americans men and no 

— 

1% 

37o 

18% 

31%> 

20% 

13% 

tf7o 

3% 

0,000 

men (Ah arez) 


2% 

127o 

29% 

30% 

mo 

0% 

3% 

2% 

16,000— 


Table 2 — Paccntage Disti ibution of Blood Picssitics of Gionps in the Philippines 

and of Some Cantonac Student'; 



71 

81 

91 


to 

to 

to 

U S soldiers (Philip- 

£0 

90 

100 

pines)8 

— 

— 

T/o 

Filipinos® (soldiers) 

— 

1% 

7% 

Foreigners® (Philippines) 
Cantonese students®- 


— 

1% 

(over 20 years) 

4% 

12% 

38% 


Blood Pressure 
* 


101 

111 

121 

131 

141 

151 

Number 

to 

to 

to 

to 

to 

and 

r\nm- 

no 

120 

130 

140 

100 

Over 

Ined 

29%, 

37% 

21% 

'>% 

2% 

1% 

092 

20% 

34% 

19%, 

7% 

2% 

4%, 

SCO 

17% 

34% 

23% 

13% 

7% 

2% 

07 

22% 

10% 

7% 

— 

— 

— 
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Table 3 — The Avaage Systolic Blood Picssuics foi Diffacnt Racial Gioups as 

Given by Diffacnt Obsavas 


Groups 

Heported by 


Number 

Examined 

Average Systolic 
Pressure 

Philippines 

Filipino soldiers 

Chambcrlnin 


S6C 

115 - 116 

Filipino civilians 

Concepcion 


fi07 

115 6 

American soldiers 

Chamberlain 


1,042 

115 - 118 

India 

Hindus 

McCay 


500? 

90 - 105 

Europeans 

McOay 


? 

115 - 130 

America 

Women 

Alvarez 


9,000 

117 3 4-10 8 

Men 

Alvarez 


6,000 

128 9 4-13 5 

Men 

China 

Cantonese students 

Woley (JAMA 55 

121 [July 9] 1910) 

1,000 

127 5 

Cadbury 


700 

101 

Szechuan students 

Kilbom 


700 

111 

Hunan students 

Kao (Nat MJ China 

S 101 [June] 1022) 

261 

114 5 

Hunan, adults 

Foster 

278 

111 4-10 6 

Foreigners, Hunan 

Foster 


120 

112 ±14 7 


The average blood pressures as given by diffeient observeis for 
different racial groups of all ages are given m table 3 

A comparison of the vaiious leported senes, chart 1, seems to show 
that for this small number, at least, the average blood pressure of the 
foreigneis in Changsha, as m the Philippines, is definitely lower than 
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the figuies set by Ahaiez as noimal for Americans, and that the a^erage 
for the foreigneis in Changsha is almost identical with that of the local 
Chinese 

Data of thirty-foui men and women, with blood piessmes lecoided 
m Ameiica and again a year or moie later m China are shown in table 4 
Eight do not show any change, two show an inciease m piessnre, but the 
lemainder show a diop of fiom 10 to 40 mm of meicury after living a 
year or moie in China 

Theie are seveial persons with rathei striking changes R A had a 
blood piessure of fiom 140 to 145 for seveial }ears in Ameiica, it 
diopped to 128 and 120 during four yeais in China W H had been 



Comparative curves of some blood pressures given m tables 2 and 3 

refused life insuiance several years befoie because of high blood pres- 
sure, although It was usually from about 135 to 140 This dropped to 
125 and 108 m two years m China L F , whose pressure was always 
around from 118 to 120, diopped each year in China— 112, 102, 95 
and 88 — ^without subjective symptoms of any weakness or any physical 
signs of hypotension A Chinese woman phj^sician ( S C , the report not 
included in the foregoing tables), who was born in Hawaii but who had 
always lived in the United States, had a blood pressure of 120 in 1923 
before coming to China It diopped to 115 and to 88 this year I have the 
reports of only two taken before, during and after furlough The blood 
pressure of E H was 116 in 1923 in China, 140 in Novembei m America 
and 128 the following yeai in China, that of F H was 120 in China, 130 
in America and 108 for the following two years in Changsha 
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A similar senes of records of the blood pressure of forty members 
of the Peking Union Medical College staff was obtained (table 5) 
In this series, twelve do not show any definite change, or less than 5 mm 
up or down, only three show an increase, while twent 3 ’--five show a 
decrease The aveiage foi the gioup taken in Peking is 9 mm less than 
m Ameiica (118 in the United States, 109 in Peking) In the Changsha 
series theie was a difference of from 8 to 14 mm (121 in the United 
States, and 113 or 107 in Changsha, depending on whether the maximum 
or minimum China lecord was taken) 


Table 4 — Blood Picssuics of Thu ty-Thrce Adult Avici icons Taken ui Routine 
Physical Ei,aviinahons ui Ainenca and Again Aftci a Ycai or Moie m 
CenUal China, Ttvo-Tlwd^ Shozv a Definite Diop m 
Blood Piessinc 
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Blood 

Change 




Tears In 
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Pressure 
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China 

Ft 

In 
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inU S A 

in Chinn 

Pressure 

R A 


51 

4 

0 


167 

140 

128 120 120 

—20 

H B 

25 

51 

1 

5 

5 

145 

135 

118 

—17 

S B 

2H 

F 

1 

5 

3 

115 

114 

100 

—14 

N B 

23 

F 

2 

5 

3 

120 

130 

110,90 

—40 

W B 

24 

51 

1 

6 


140 

116 

80 

—30 

J B 

43 

51 

10 

5 

H 

140 

104 

94,98 

— 6 

S 0 

22 

51 

1 

5 

6 

147 

118 

lie 

0 

B P 

34 

F 

4 

5 

4 

120 

118 

no, 102, 93, SS 

—30 

J F 

34 

51 

6 

5 

9 

ICO 

110-118 

118, no 

0 

M F 

21 

51 

1 

5 

10 

170 

122 

115 

— 7 

L G 

26 

F 

1 

5 


126 

120 

108 

—12 

C G 

25 

F 

2 

5 

5 

123 

125 

lOS 103 

—20 

P G 

so 

51 

3 

5 

9 

ICO 

120 

120, 102, 100 

—20 

R G 

30 

F 

3 

5 

3 

104 

102 

112, 118 

-t-ic 

E H 

40 

51 

10 

5 

11 

203 

140 

lie, 128 

—12 

F H 

40 

F 

16 

5 

6 

134 

130 

108,108 

22 

W H 

50 

51 

3 

0 


204 

133 

125, 108 

—27 

O K 

25 

51 

3 

5 

9 

200 

130 

140, 130, 123 

0 

E K 

22 

F 

2 

6 

2 

120 

120 

105, 103 

—15 

J L 

25 

F 

1 

5 

1 

112 

114 

122 112 

0 

S M 

22 

51 

1 

6 

10 

147 

120 

100 

—20 

M M 

28 

F 

2 

5 

3 

120 

lie 

lie, 100 

—16 

J N 

28 

F 

2 

5 

8 

ICO 

132 

ISO, 122 

—10 

P P 

24 

51 

2 

6 


150 

112 

120, 120 

+ 8 

R P 

36 

51 

10 

5 

7 

120 

120 

116 108 95 

—25 

M P 

35 

r 

10 

5 

4 

122 

120 

100, 90, 92 

—28 

H R 

30 

51 

3 

5 

10 

200 

120 

124, 131 

0 

K R 

22 

51 

1 

5 

9 

128 

106 

104 

0 

D S 

24 

51 

2 

6 


165 

122 

134 

0 

T V 

23 

51 

1 

5 

7 

128 

no 

no 

0 

0 W 

25 

51 

2 

5 

10 

140 

112 

92, 100 

—12 

0 W 

SO 

F 

5 

5 

4 

135 

118 

105, 95 

—23 

A W 

22 

51 

1 

5 

10 

146 

132 

112 

—20 


The figures are presented for what they are worth Most were single 
observations, but were taken in routine medical work, and when possible 
they have been verified The records were made with Tycos, aneroid 
and Baumanometer mercury instruments using a 12 5 cm band The 
auscultatory method was used as a routine Some slight variations were 
noted in checking up the different instruments and observers The 

11 Dr Otto Willner, m charge of the Department of Staff Health of the 
Peking Union Aledical College, through whose courtesy the figures in table 5 were 
obtained, asserts that the blood pressure of foreigners seen in practice in Peking 
tends to average around 110 or lower, rather than around 120, which is con- 
sidered normal in the West 
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records \\ere taken when the subject ^\as sitting, some uere taken in 
the afternoon, others in the forenoon, most were taken during the 
months of April and Alay There did not seem to be any seasonal 
\ ariation 

com:xient 

One does not know how to comment on tlie significance of such a 
small series, which would ha\e a laige probable erroi How difterent 
would a larger senes be^ Do these same changes m blood pressure 
occur m all parts of China ^ 

T\ble 5— Blood Picsstnc Rccoids of Foity Foieigncis Taken Before and After 

Coming to China' 





Blood 

Blood 

Change 




Pressure 

Pressure 

in Blood 


Xame Age 

Se\ 

m U S A 

m China 

Pressure 

A 

23 

51 

122 

lOS 

—14 

B 

31 

F 

no 

106 

0 

C 

35 

F 

132 

no 



C 

33 

51 

120 

ns 

~0 

c 

o(j 

F 

120 

lOO 

—20 

D 

S2 

51 

112 

114 

0 

D 

36 

F 

120 

120 

—10 

r 

39 

51 

120 

lOS 

-12 

F 

35 

51 

12S 

no 

—IS 

F 

S3 

F 

120 

no 

—10 

F 

? 

F 

120 

no 

-10 

F 

31 

51 

IIS 

125 

7 

G 

SO 

F 

1C6 

102 

0 

G 

39 

F 

ns 

120 

0 

G 

33 

F 

U5 

no 

— 5 

G 

SO 

F 

105 

100 

— 5 

G 

33 

P 

115 

105 

0 

H 

2S 

F 

ns 

no 

- S 

H 

30 

F 

ISO 

no 

—20 

H 

•44 

51 

122 

ns 

0 

J 


F 

1^ 

112 

0 

K 

34 

51 

120 

114 

— 0 

K 

29 

51 

120 

no 

—10 

K 

20 

F 

123 

114 

—11 

K 

2S 

F 

100 

64 

—16 

K 

24 

51 

100 

106 

-i- 6 

K 

39 

51 

135 

lOS 

— 2T 

L 

9 

51 

115 

120 

— 5 

h 

26 

F 

ns 

OO 

— 2S 

M 

33 

F 

115 

112 

0 

P 

32 

F 

124 

102 

0-5 

s 

32 

51 

112 

105 

— 7 

s 

42 

F 

121 

130-114 

0 

1’ 

35 

51 

130 

115 

—15 

T 

2S 

F 

130 

no 

—20 

T 

9 

F 

ns 

118 

0 

V 

3i> 

51 

no 

02 

— 16 

V 

42 

51 

125 

10b 

—17 

W 

44 

51 

ICC 

ICC 

0 

W 

45 

F 

120 

9s 



* 0\er CO per cent ha\e n lo'ncr blood pressure in China Onlv tlireo show an 

increase 


The comparatue hjpotension itself does not seem important, for 
en those w ith blood pressures in the eighties and nineties do not com- 
plain of sjmptoms It apparently does not hate any relation to ill 
health, change of diet, shorter hours of w'ork or exercise, amount of 
sleep or lack of nervous tension or strain , but it may hat e some relation 
to the feeling some hate expressed of lack of energt and^capacit) for 
tvork 111 China as compared tvith their feeling w hen in the States 

The significance of this variation seems to be that an answer to this 
question might give some clue to the etiologt and possible treatment of 
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the other and moie important side of this same pioblem, that is, hyper- 
tension An explanation of essential hypertension which will withstand 
rigid criticism has not yet been offered Many cases of hypotension are 
equally unexplained A solution of these problems might be found if 
the factors of difieience m the lives of persons living m China and those 
living 111 Western countiies could be analyzed 

Many factors have been suggested fiom time to time to explain the 
low blood piessure of the Chinese (1) smaller stature and lighter 
weight, (2) decreased capacity for muscular effort with lesulting 
deciease m muscular tone, (3) some racial endocrine differences, (4) 
diet, largely vegetable, low m piotem and salt, (5) climate, which lowers 
vasomotor tone, especially of the splanchnic and peiipheral vessels, or 
which, by the inci eased secretions from the skin, causes lowered suiface 
tension or possibly causes some variations in the volume and viscosity 
of the blood, and (6) the simplicity of life m China and the absence of 
nervous strain 

None of these theoiies has been pioved Cadbuiy feels that possibly 
(1) and piobably (4) and (5) aie real factois Musgiave and Sison 
lay most emphasis on (5) If it is true that the blood pressuie of 
Chinese and foieigneis is influenced alike, it would seem to rule out the 
question of physical statuie or development and of the endocrines So 
far as piotem intake is conceined, theie does not seem to be a gieat 
difference m the diet of foreigners living in China and at home As to 
climate, Changsha is not m the tropics The mean temperature is about 
that of Alabama and Mississippi, and any unusual absence of hypei- 
tension m those states has not been lepoited Peking is in about the 
same latitude as New York City Could it be that there is some sub- 
conscious adjustment to the unhuiried life of the East that lowers the 
geneial tone^ 

One case of essential hypei tension in a Chinese is of interest in 
connection with the question of etiology Miss T , a supervisor in the 
Nursing School, aged 38, had completed her education in America and 
had returned to China in 1922 In November, 1925, after three yeais in 
north China, she came to us complaining of persistent headaches and 
insomnia The results of the examination of the heart, eyes, sinuses and 
other organs, as well as uimalysis, were normal Hei blood piessure 
was 180 systolic, and 110 diastolic Roentgenograms of the teeth, 
sinuses and heart were normal, and there was normal renal function 
She had an intensely nervous temperament and seemed moie like a 
Westerner than a Chinese in her habits and attitudes On enforced rest 
and limitation of duties, her blood pressure dropped later to 130 and 135 
Was it that the nervous tension was responsible for her hypertension or 
was the high blood pressure the cause of her highstrung temperament'’ 
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The foregoing figures and observations are presented to call attention 
to some facts which should receive further investigation At present 
theie does not seem to be any leal answer as to why there is such an 
absence of hypertension in China, or any adequate explanation foi the 
lower blood pressure that seems to exist 

summary 

1 The blood pressuie of the Chinese has been shown to be lower 
than the usual averages, and hypertension is rare 

2 The blood pressuie of a senes of Occidentals living in China 
shows that the aveiage for foieigners is about the same as that of the 
local Chinese, and that the blood pressure of the majority of persons 
studied was lower in China than in America 

3 An analysis of unknown factors responsible foi this compaiative 
hypotension may give some clue as to the cause of hypertension m other 
countries 


12 In a recent communication, Mr E F Harris, manager of the North 
China Division of the Sun Life Insurance Company, Shanghai, has sent the 
results of the blood pressures of about 1,000 policy holders, Chinese and foreign- 
ers, for analysis He makes the following comment “In my opinion our experi- 
ence dbes not bear out the deductions which you mention In our experience 
the blood pressure of the Chinese is considerably lower than the blood pressure 
of the Caucasian races The blood pressure of the white races, i e , European 
and Americans, in China, is, however, in our experience just the same as the 
blood pressure of such races in Europe and America We also are of the opinion 
that hypertension in foreigners is just as common in China as in Western countries, 
but that hypertension is rare m the Chinese ” 



THE PATHOGENIC ROLE OF TRICHOCEPHALUS 
DISPAR (TRICHURIS TRICHIURA) =■ 

M FERNAN-NDNEZ, MD (Madrid) 

NASHMLLE, TEN'N 

It seems to be generally ignoied that 1 iichocephahts dispat , one of 
the intestinal parasites most common in man, is a parasite of pathologic 
impoitance The majority of textbooks give few data concerning the 
pathologic changes which may be produced by this oigamsm, some 
authois tieat the mattei as if it were not of importance, saying that the 
oigamsm is haimless, without offering any proof for such an affiimation 
This lack of attention to Ti icJtoccphahis dispai is probably due to its 
fiequent association with the hookwoim, the study of which has been 
such an atti active theme in biolog} that an\ symptoms due to the former 
were accepted as a lesult of the lattei 

M)'" purpose is to call attention to the clinical importance of TiicJw- 
cephalus dispai and to leview the facts obtained by vaiious workers, in 
the hope that this may lead to fuither study of this important human 
parasite 

METHODS or STUD\ 

Picscivatwn of Helminths (Method of Lcycr) — The worms are placed in 
a test tube to which is added sufficient physiologic sodium chloride, and shaken 
well in order to cleanse the mouth and other parts of the \\orms of earthy 
material The worms are then dropped into boiling alcohol (70 per cent) , 
Tiichocephah stretch out and die in a characteristic position They are then 
transferred to 96 per cent alcohol for thirty minutes They are immediately 
cleared in white creosote until transparent and the histologic details of the 
different organs can be observed Within twenty-four hours the creosote restores 
the normal contour and any irregularities caused by the alcohol After the 
examination in creosote the worms are preserved in 70 per cent alcohol 

Eiammation of Ova — From 5 to 10 Gm of feces are diluted with an equal 
amount of a saturated solution of common salt and beaten well in order to free 
the eggs, which float to the surface of the mixture A slide is applied to the 
surface for five minutes in order that the eggs may stick to the glass It is 
turned over by a quick movement, a cover-slip applied, and a microscopic 
examination made As the eggs of Tuchoccphalus are few in comparison wnth 
those of Uncmai la, this method will render possible a positive diagnosis in many 
cases when the ordinary methods of examination would be negative 

Unlike Oryniis vcnmculaus, the eggs of Tnchoccphahis do not hatch out in 
the intestine of its immedate host, but are eliminated with the feces In the 
soil the eggs begin their development , the embryos form slowly in the periphery 
of the egg, and arrive at maturation in from six to ten months Owing to the 
thick outer covering of the egg, the embryo can resist ice, intense heat, digestion 
or putrefaction Davarine^ succeeded m preserving embryos of Tiichocephalns 
in encysted form for more than five years Ingested by a warm-blooded host 
they develop rapidly, provided they have remained in damp earth or water for 
at least a month before passing to the host Before this interval the ova will 
pass through the intestinal tract without hatching 

' From the University of Madrid Faculty of Medicine 
1 Brumpt, E Precis de Parasitologic, Pans, 1923 
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GEOGRAPHIC DISTRIBUTION 

Ti ichocephalus dispai is a nematode of cosmopolitan distribution 
It IS well adapted to an environment of wet and cold earth, such as is 
encounteied in mines and forests Statistics show that the number of 
cases of disease caused by it varies, as is shown in table 1 


Table 1 — Pei centage of Cases Caused by Ti ichocephalus Dispai in Vaiious 

Localities 


Autopsies 

Infected With 

Tnehocephalus, 

per Cent 

Investigator 

Munich 

9 

Braim 

Kiel 

31 

Braun 

Gottingen 

46 

Braun 

Basle 

23 

Braun 

Pans 

50 

Richard 

London 

65 

Henderson 

Dublin 

S2 

Costello 

Genoa 

86 

Martinelh 

Madnd 

6 

De Buen 

Banranquilla 

62 

Nunez 

Tda (Honduras) 

51 Clarlv (Thirteenth Annual Report, United Pruit 

Company Medical Department, 1921) 

Coprologic Txaminations 

Brazil 

82 

Serpa 

Colombia 

47 

Cadena (Repert de med y chir , Bogota, 1924) 

Colombia 

41 

Nunez 

Honduras 

29 

Olarl 

Mexico 

38 

Sarmiento 

Japan 

65 

FuTawa 

Northern China 

90 

Young 

Philippines 

45 

Ortega 

Siam 

28 

Horton 

Nigena 

37 

ErsTine 

Argentina 

14 

Castex (Prensa med argent Maj 30, 1925) ■ 

Madagascar 

45 

Blanchard 

Scotland (miners) 

80 

MacPherson 

Prance (miners) 

78 

Brumpt 

Spain 

12 

Nunez 

Texas 

25 

Gonzalez 


In a study of 1,336 examinations of feces of laborers in the Colom- 
bia Syndicate Hospital, Barranquilla, Colombia, I found 92 per cent 
positive for intestinal parasites Of the 1,336 cases studied, Tucho- 
cephahis dispat was present alone, oi in association with other parasites, 
in 41 per cent 

An interesting feature of table 2 is the negligible percentage of tape- 
worms This IS due to the Spanish-Amencan custom of cooking thor- 
oughly all meats that are eaten 

TRANSMISSION OF INFECTIOFT 

Grassi was the first to woik out the method of tiansmission of 
Ti ichocephalus Among other studies, he showed that if eggs of 
Ti ichocephalus dispai are injected into a human being, characteristic 
eggs of the parasite appear in the feces of the subject on the twenty- 
seventh day 
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In order to extend the work of Goidon - carried out nl suckling pigs, 
I injected a suspension of feces containing eggs of Tiichocephahis 
dep7 essinscnhs (the dog Trtchocephalus) into the subcutaneous tissue 
of a dog 6 weeks of age, which on repeated previous examinations had 
been found free from infestation with Trichocephahis Characteristic 
eggs presented themselves in the feces within five weeks and persisted 
foi several months 

Howard ® observed eggs of Tiichocephahis in the feces of an infant 
aged 14 days, and concluded that it was a case of intra-utenne infection 

Table 2 — Appeal mice of Tiichocephahis Dtspar Alone or With Other Parasites 

in 1^36 Case I 


Ancjlostomns alone (including- Unclnnrla) 292 

Ascans lumbncoidcs 142 

Tncliocophalus dispar ICO 

Anieba histolj tica 48 

Strongyloides intestinnles 8 

Cercomonas, Tnebomonas and I/amblia intestinniis C 

Ancjlostomas and Lumbricoides 110 

Ancjlostoinas and Triclioccphalus dispar IW 

Ancjlostonias and Strong} loldos 28 

Anc}lostonias and amebas 20 

Ane}lostonias and Trichomonas 0 

Ancilostomas and Balantidium coli 2 

Lumbricoides and Trichocepbalus dispar 40 

Lumbncoidcs and Strongyloides 0 

Lumbricoides and amebas 0 

Tncliocephalus dispar and Strongyloides 8 

Trichoceplialus and amebas 10 

Amebas and Strong} loidcs 4 

Anc}lostomas, Lumbncoidcs and Tncliocephalus 02 

Anc}lostomas, Lumbricoides and Strong} loidcs 4 

Ano}lostomas, Lumbncoidcs and Taenia clrclnata 2 

Lumbncoidcs, Trichocophalus and Strong} loidcs 18 

Lumbncoidcs, Trichoceplialus and Trichomonas 8 

Lumbricoides, Trichocephalus and amebas 4 

Trichoceph ilus, Strongyloides and amebas 2 

Anc}lostomas, Lumbricoides Tnchocophalus and Strong} loidcs 30 

Ane}lostomas, Lumbricoides Tnohoccphalus and rmebas 8 

Anc}lostomas, Lumbricoides, Strongyloides and Oxyuris yermlcularis 2 

Ancylostomas, Tnchocophalus, amebas and Trichomonas 6 

Aneylostomas, Tnchocophalus, Lumbncoidcs, Strongyloides and Taenia circinata 2 

Anc}lostomas, Tnchocephaluos, Lumbncoidcs, Tnehomonas, amebas 10 

Anc}lostomas, Trichoceplialus, Lumbricoides Strongyloides and Balantidium coli 2 

Ancylostomas, Tncliocephalus, amebas, Lumbricoides, Tnehomonas and Bilharzia 2 

Negatne examinations 92 


Total 1,336 


PATHOLOGY 

Trtchocephalus dispar may produce its effects on its host through 
various avenues, which may be well illustrated using Pittaluga’s ^ classi- 
fication for parasites in general 

2 Gordon, R M A Further Note on the Occurrence of Ankylostomes 
Resembling Necator Amencanus Amongst Domestic Pigs in Amazonas, Ann 
Trop Med 17 289 (July) 1923, Ann Rep Rockefeller Foundation, New York, 
1922 

3 Howard, H H A Case of Intrauterine Helminth Infection, S African 
M Quart , 1891 

4 Pittaluga, G Enfermedades de los Paises Calidos y Parasitologia Gen- 
eral, Librer'ia Calpe, Madrid, 1924 
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1 Mechanical Action 

(а) The worm perforates the mucous membrane, inserting its slender 
cephalic process into the submucosa or muscular coat of the intes- 
tinal wall 

(б) It may penetrate the intestinal wall and encyst in the abdominal 
cavity 

(c) It may reach the lungs within twenty-four liours and be found 
there by autopsy (G Neshi) 

(d) With the head fixed in the intestinal wall the constant oscillatory 
movements of its body may originate intense reflexes through the 
sympathetic nervous system producing a great variety of symptoms 
m remote parts of the host 

(e) When it is fixed in the appendix, the peristaltic movements of the 
organ can carry the body of the worm out through the appendicular 
valve, closing it 

(d) Through perforation of the intestinal wall pathologic organisms 
may gain access to the abdominal cavity 

(e) The ova may serve as nuclei for calculi, especially in the appendix 

2 Direct Exspoliative Action 

(a) Extraction of blood and lymph from the host 

3 Indirect Exspoliative Action 

(a) Extraction of blood and lymph deprives the host of a part of his 
aliment 

4 Toxic Action 

(a) Excretion of toxic products of metabolism which are absorbed by 
the host 

(b) Injection of hemolytic enzymes in the host 

(c) Injection of specific toxic proteins, as evinced by the great increase 
in eosinophils in the blood of the host 

EOSINOPHILIA 

One of the constant sequelae of Tiichocephalns infection, as in infec- 
tions by other parasites, is the presence of a decided eosinophiha The 
eosinophils have a specific function in the destruction of hetei ogeneous 
animal proteins In infection caused by T7ichocephah{s, the eosinophils 
show a constant increase greater than in infections due to other intestinal 
parasites, reaching from 30 to 40 per cent in some cases 

In order to study the comparative eosinophiha produced by different 
intestinal parasites, I examined the blood of 512 patients who had 
helminth eggs in their feces I made the following observations 

(а) Ninety per cent had a definite eosinophiha, that is more than 4 per cent 
of eosinophils 

(б) The average eosinophiha m these cases was 12 per cent 

(c) In 302 cases of infections caused by Necator ainencamis and Anchylostoma 
duodeJiale, some associated with Tiichocephahis dispai , and the rest with other 
helminths, 93 per cent demonstrated an eosinophiha, averaging 10 per cent 

(d) Of fifty-one cases of infections caused by Ascaris himhncoides alone, 80 
per cent revealed an eosinophiha average of 8 per cent 

(e) Forty-eight cases caused by Trtchocephalus dtspai alone, gave an eosino- 
philia average of 14 per cent 
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The maiked eosinophiha in infections caused by Ti icJiocephahis 
dispai IS of great inteiest, because it would seem to demonstrate that a 
few ti ichocephab are able to poison the patient in equal or gieatei 
degree than a large numbei of hookwoims 

The following technic is useful for gi eater facility and precision m 
the study of eosinophiha Blood is obtained with a pipet for leukocytes, 
and diluted 1 10 with 1 pei cent (1 cc ) of aqueous solution of eosiii, 
1 pel cent (1 cc ) of aqueous solution of acetone, and 10 cc of distilled 
water The eosinophils are seen as biilhant red gianules over a pink 
field 

HELMINTHIC APPENDICITIS 

It was Moigagni who called attention to the tendency of Tiicho- 
cepliahis dispai to localize in the cecum and appendix Metchnikoff 
(1901), before the Academy of Medicine of Pans, duected special 
attention to Ti ichocephalns as a fiequent factor m appendicitis This 
event immediately led to the study of the nematode by various investi- 
gators in all parts of the world 

Brumpt and Lucerne^ found Tuchocepliahis in 10 per cent of 
appendixes of adults coming to autopsy, most frequently in association 
with Oxywis veimtculaus Of twenty-one patients with appendicitis 
opeiated on by Oelmtz,^ eighteen patients had eggs of Tuchocephalus 
in the appendicular cavity Roillet ^ found live trichocephah in the 
appendix of a patient operated on after the intensive use of thymol 
De Bueii,® m a study of the appendixes of 100 patients who had died 
fiom vaiious diseases, demonstrated nematodes m six cases 

I performed sixteen autopsies on laborers dying from various causes 
in Colombia Ten of these showed ti ichocephab present In all cases 
worms were piesent in the cecum, in two in the appendix, in four in 
the hepatic and splenic curvatures of the colon, in four in the sigmoid 
and in six in the lectuin One patient had two worms in the ileum 
Some observeis state that Tuchocephalus loosens its hold on the intes- 
tinal wall within two hours after the death of the host As the Colom- 
bian laws piohibit autopsies in less than eight hours following death, I 
was surprised to find four cadaveis in which the worms ^\ere still 
attached to the mucosa 

In a review of 100 repoited cases of appendicitis due to infection with 
Tuchocephalus dispai and Oxyiius veumcnlaus, ten weie due to infec- 
tion with Tuchocephalus alone All ten occuiied in patients under 14 
years of age One of the patients with gangrenous appendicitis died, 
the otheis survived, due, no doubt, to the fact that all were operated on 
early 

5 De Buen, S Estudio Parasitologico de Cien Apendices Huinanos, Bol 
de la Sociedad Espanola de Biol , Madrid, 1916 
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The following are clinical histones in cases diagnosed as tricho- 
cephahne appendicitis The patients weie operated on by me in the 
Colombia Syndicate Hospital 

Case 1 C M , a man, aged 22, a laborer, when admitted to the hospital had 
a temperature of 103 F , respirations, 24, pulse rate, 100 The leukocytes num- 
bered 18,000, neutrophils, 71 per cent, eosinophils, 13 per cent There was 
severe recurrent pain in the right iliac region, this began three dajs before 
admission and continued with increasing seventy Definite symptoms of peri- 
tonitis, marked muscular defense, great sensibility over the abdomen, and a 
fluctuating mass in the area of the appendix were present An incision m the 
abdominal wall opened directly into an abscess, showing fecal contamination 
and the presence of two macerated helminths, found to be tnchocephali The 
ova of other parasites were not found on repeated examination of the feces 

Case 2 — M G , a girl, aged 10, entered the hospital with a history similar 
to that in the preceding case, but without perforation of the appendix At 
operation, Ti ichocephahis and Necatoi amencamts were found in the appendix 

The cases cited were only two of a large number of cases of appendi- 
citis occuirmg m the surgical service Frequently I have operated on 
patients with classic symptoms of appendicitis and have found appendixes 
without sufficient pathologic lesions to explain the symptoms Aftei 
the two cases cited, the hospital staff adopted the custom of immediately 
admimsteimg an anthelmintic to patients with symptoms suggestive of 
appendicitis, with the result that there was a marked deciease in the 
percentage of cases eventually lequiimg operation 

PERITONITIS 

It is natural that localized or general peritonitis might be produced 
by the perforation of othei sites in the large intestine, especially at the 
hepatic and splenic flexuies, sigmoid and rectum, which are points of 
predilection of TucJiocephaliis One case m the clinic of the Colombia 
Syndicate Hospital serves to indicate that this is true 

Case 3 — G O , a man, aged 20, a laborer, entered the hospital with definite 
symptoms of generalized peritonitis The leukocytes numbered 21,000, neutro- 
phils, 75 per cent, eosinophils, 15 per cent Laparotomy was performed The 
intestines were markedly congested and the abdomen contained plastic exudate 
The intestines were examined carefully throughout without locating any per- 
foration or other source of the infection 

Since we were confused over the possible origin of the peritonitis, the patient 
was subjected to careful observation Nothing of interest was found except a 
marked tnchocephaline infection The patient was given three treatments of oil 
of chenopodium and convalesced without incident 

In the practice of medicine in the tropics it is common to encounter 
cases of peritonitis without apparent cause, and to such cases tropical 
practitioners have given the nickname of “idiopathic peiitonitis No 
doubt many of these cases are due to infections transmitted through 
some trauma made m the intestinal wall b} intestinal parasites 

Pathologists generally maintain that germs cannot penetrate the 
intestinal mucous membiane unless theie has been a solution of its 
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continuity by tiauma or necrosis Foi this reason, among others, 
different writers have counseled surgeons to manipulate the intestines 
with gentleness m order to prevent infection thiough traumatism of 
the mucosa 

Weinberg ^ gave food infected with Bacillus typhosus to some 
monkeys Those infested with intestinal parasites died , those without 
helminths lived Studying this matter m epidemics of typhoid in Pans, 
Guiart and Gann ^ demonstrated that typhoid was much more fiequent 
in persons with intestinal parasites than in others , and, of the parasites 
encountered, Tuchocephalus was considered the most important Indeed 
these authors attributed to Tuchocephalus a decided responsibility as 
an inoculator of the bacillus of Eberth 

The same relation of Tuchocephalus to Asiatic cholera was observed 
in India by Rogers , ® while my observations in connection with forty- 
two cases of bacillary dysentery in Colombia seemed to confirm the 
relationship 

SEPTICEMIA 

Recent Japanese investigators ‘ have demonstrated that the larvae 
of nearly all intestinal nematodes, even of Ascai is lumhi icoidcs, penetrate 
the intestinal wall and carry out a part of the life cycle m the tissues 
of the host It IS not difficult to understand that any germ present in 
the intestinal tract might thus gain access to the blood stream 

During my experience in Colombia there often occurred severe cases 
of lymphangitis of the legs immediately following penetration of the 
skin by hookworm larvae (“ground itch”), with occasional instances of 
infection of the blood stream 


DYSENTERY 

In tropical practice I frequently saw cases of a dysentery which 
presented symptoms typical of amebic d}sentery, but without pathologic 
amebas in the stools In the majority of these cases the presence of 
the eggs of Tuchocephalus dispar was a marked feature 

Case 4 — R R , a man, aged 22, complained of intense pain in the abdomen, 
severe tenesmus and frequent bloody stools Amebas were not found in the 
feces, but there were numerous ova of Tuchocephalus dispai The eosmophilia 
was 18 per cent The bacillary dysentery agglutination test was negative When 
the patient was treated with emetine his symptoms disappeared slowlv, m con- 
trast to the immediate relief it affords in amebic cases He refused anthelmintic 
treatment because he had heard that it might be fatal 

In spite of careful diet, hygiene and reduced emetine, his symptoms soon 
became serious again, and another intensive course of emetine was given him 
Ten days later he returned to the hospital to try the treatment with cheno- 
podium which had been recommended to him The effect was quick and 
permanent — ^with the disappearance of the trichocephali, his dysentery ceased 

6 Castellani and Chalmers Manual of Tropical Medicine, London, 1920 

7 Nakamura, R Personal communication to G Pittaluga, Madrid, 1925 
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In thirty-two cases of pure tnchocephahc dysentery studied, the 
S 3 n'nptonis could not be distinguished from those of amebic or bacillary 
dysentery, but examination of the stool set us right In each of these 
cases the patients were immediately relieved by treatment foi Tiicho- 
cephahts dispar 

This IS a matter of great importance in the tiopics where it is the 
custom to treat with emetine almost every patient who has bloody 
dysentery Emetine cures amebic dysentery, but not tnchocephahc 
dysenteiy Therefore it is poor practice and unjust to submit a patient 
suffering with helminthic dysentery to a prolonged and dangeious course 
of tieatment with emetine, undei the belief that the patient is merely 
suffering with chronic amebiasis 

According to my studies, approximately 30 per cent of all cases 
which clinically appear to be amebic dysentery m the tropics are of 
tnchocephahc origin These observations weie made in the Magdalena 
Rivei valley of Colombia 

INTOXICATIONS 

That the tnchocephali are capable of elaborating a toxic secretion 
which they inject into their host has been shown by Grassi in his 
excellent study of the pathologic lesions produced by intestinal parasites 
In three cases of severe infection caused by Ti ichocephahis dtspai , he 
discovered necrotic areas in the adjacent lymph nodes and degenerations 
in the nerves and ganglions of the area 

By means of an aqueous extract of the heads and upper third of 
adult tnchocephali, containing the salivary glands, which he injected into 
rats, he was able to reproduce lesions similar to those mentioned 

For the purpose of ascertaining the origin of the pigment in the 
intestinal wall of TncJwcepJmlus dispai , I performed the following 
experiment 

Adult tnchocephali were washed m physiologic sodium chloride until freed from 
all earthy material The worms were ground in a mortar, then extracted suc- 
cessively with boiling alcohol (95 per cent), absolute alcohol and ether The 
ether was removed quickly by filtration, and a small quantity of the residue 
placed on a slide, to which was added two or three drops of Stryskowsky’s 
solution 

Gm or cc 

Hydriodic acid (without color) 2 drops 

Glacial acetic acid I 

Ethyl alcohol (95 per cent) J 

Distilled water 1 

The slide was heated almost to the boiling point for twenty seconds, and a 
solution added by capillarity under the cover-slip When the slide was exam- 
ined with a magnification of 400 or more diameters, characteristic black crystals 
of human hematin hydnodid were seen 

By this modification of the Teichman test it is possible to demon- 
strate that Ti tchocephaliis sucks the blood of its host 
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PERNICIOUS ANEMIA 

Until the piesent time no well defined etiology has been accepted as 
the true cause of pernicious anemia, but the majority of investigators 
are of the opinion that it has a toxic oiigin, and various types of 
intoxication have been associated m its pathology In the cases reported, 
a numbei have been atti ibuted to intestinal parasites, especially 
Bothnocephaliis latus A case associated with TucJiocephahis dispm 
was thus desciibed by Lockhart ® 

A child of 11 years, very anemic, with poor appetite, complained of great 
debility, diarrhea, abdominal pains, and palpitation, vomiting and vertigo 
There were splenomegaly and recurring petechiae beneath the skin 

Hemoglobin, 22 per cent, erythrocytes, 1,200,000, leukocytes, 10,000, eosino- 
philes, 27 per cent, various megaloblasts and nucleated reds, poikilocytosis, 
anisocytosis, polychromatophilia Color index, 1 Wassermann, negative, 
complement fixation for tuberculosis and Von Pirquet, negative 

The urine and sputum showed no tubercle bacilli Albuminuria, marked 
The feces contained eggs of Tiichoccphahis dispm All other laboratorj and 
clinical investigations were negative 

Receiving small doses of oil of chenopodium at intervals of ten days for 
five treatments, the patient expelled 211 male and 306 female trichoccphali 
The blood picture rapidly improved, and at the end of four months the patient 
was normal and in very good health 

The pnmaiy cause of every case of pernicious anemia is without 
doubt an individual piedisposition, that is, a hematic sensitization of 
endocrine, hei editary, syphilitic oi tuberculous origin The intoxication 
by helminths, or other agents, acts secondarily as an excitant to per- 
nicious hemoplasia 

URTICARIA 

Azua® included TucJiocephahis dispai among the parasites which 
are capable of causing a gieat vaiiety of dermatologic manifestations, 
m particulai the urticaiia group, and described chionic urticarias that 
yielded to anthelmintic treatment after prolonged and varied therapy 
for ordinary urticaria had failed 

ACROCYANOSIS DYSTROPHICA 

This term refeis to various syndiomes or symptom gioups of 
hematogenous origin, produced by a variety of intoxications, particularly 
those of tuberculosis and syphilis, but possibly by intestinal parasites 
I studied the following case in the clinic of Prof Dr G Pittaluga, m 
Madrid 

A G , a woman, aged 26, unmarried, had had trichocephalus infection for the 
past eight years Her family history was uninteresting, her personal history 


8 Lockhart, R S A Case of Pernicious Anemia of Parasitic Origin, 
West M Fortnightly, Denver, 1901 

9 Azua, J B Clinical Lectures in Dermatology, University of Madrid, 
Session of 1914-1915 
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was negative, except for the occurrence of malaria eleven years before The 
patient had lived in Costa Rica until the age of 20 where she had contracted the 
trichocephaliasis, and had been unsuccessfully treated for it 

The erythrocytes numbered 3,900,000, leukocytes, 5,300, eosinophils, 18 per 
cent The Wassermann and Sachs-Georgi reactions were negative, the von 
Pirquet and tuberculous complement fixation tests were negative, the basal 
metabolism was normal Tuberculin treatment gave no relief 

Careful clinical examination failed to reveal any disorder, except dermatitis 
of the hand resembling acrocyanosis, at times accompanied by neuralgic pains 
The patient was given three treatments of oil of chenopodium intramus- 
cularly , she expelled the parasites and the acrocyanosis disappeared and did 
not return for fourteen months, during which she remained under observation 

PURPURA HEMORRHAGICA 

Another case from the clinic of Professor Pittaluga is inteiesting 

J M , a woman, aged 21, unmarried, gave a history of prolonged menses, 
hemorrhages from the gums and spontaneous purpuric foci in the extremities 
Nothing in the family or personal history seemed pertinent to her present 
symptoms 

The Wassermann, Sachs-Georgi and von Pirquet tests were negative, speci- 
mens of sputum and urine were negative for tubercle bacilli, roentgen-ray 
examination was negative Blood examination showed, erythrocytes, 4,000,000, 
hemoglobin, 80 per cent, blood platelets, 100,000, leukocytes, 6,200, eosinophils, 
14 per cent The Arneth formula showed a shifting to the left The stools 
contained eggs of Tuchocephalns djspat 

Prolonged treatment with the roentgen rays, calcium salts, thromboplastic 
serums, endocrine extracts, vaccines and extraction of teeth and tonsilectomy 
gave only temporary relief Successful treatment against Tuchocephahis dispat 
cured the patient of purpura 

GOITER 

R B , a girl, aged 16, gave a history of thyroid enlargement for 
five years, which became toxic during the past year Exceedingly 
thorough clinical and laboratory examination showed only the presence 
of a toxic goiter, and Tuchocephahis dispai infection 

The patient was treated for the tnchocephalus infection as a routine 
measure In about two months her hyperthyroidism ameliorated This 
would have been considered merely as the quiescent phase common in 
goitrous states had I not happened to read the paper by Borrel dealing 
with the frequent association of intestinal parasitism with goiter 

As one of the chief functions of the thyroid is to elaborate a 
detoxifying hormone, it is not unreasonable to believe that it takes part 
at time m the battle against parasitic intoxication, with resulting 
hyperfunction 

This case, like the others presented in this paper, has been chosen 
from a considerable number m each instance, but is not intended to be 
conclusive I merely desire to direct attention to the possibility of 
Tuchocephahis dtspar as an etiologic cause in a great variety of condi- 
tions, and to disillusion those who accept it as a harmless parasite 

10 Borrel, A , Boez, L , and Freyze Intestinal Parasites in Pathogenesis of 
Goiter, Compt rend Soc de biol 92 232 (Feb 6) 1925 
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TREATMENT 

Oil of chenopodium is the most satisfactory anthelmintic against 
Tiichocephahis, as indeed against all nematodes As Tuchocephalus 
tends to lodge in the cecum and appendix, oral medication often fails 
to leach it Theiefore, in persistent cases it is advisable to inject the 
chenopodium intramuscularly or intravenously It is thus eliminated 
largely through the intestinal tract, and the blood-sucking trichocephah 
in the appendix get the full benefit 

A brisk purge is always essential two or three hours after anthel- 
mintic treatment, whether by mouth or by injection 

Chenopodium by injection, especially mti avenously, is heroic treat- 
ment and should be employed only as a last resort in cases in which the 
patient fails to respond to othei measuies 

Of course, a fiesh, highly-purified oil of chenopodium, from a 
reliable chemical house, should be employed, and the patient’s heart 
and kidneys should be carefully examined befoie administration 

I have appal ently succeeded in vaccinating dogs against tricho- 
cephalus infection by means of a vaccine containing eggs and larvae of 
Tuchocephalus which had been carefully ground and inactivated A 
repoit of this work was published m the Journal of the Ameucan Medi- 
cal Association 


CONCLUSIONS 

1 Tuchocephalus dispai , a cosmopolitan intestinal parasite, is of 
great pathologic importance, and has not been adequately studied 

2 In the Magdalena River valley of Colombia, 92 per cent of 
1,336 persons examined had intestinal parasites, of which 41 per cent 
were Tuchocephalus dispai 

3 Sixty-two per cent of sixteen autopsies on persons who had died 
form vaiious causes m Colombia showed Tuchocephalus infestation, 
with localization in the cecum, appendix, hepatic and splenic curvatures 
of the colon, sigmoid and rectum 

4 The subcutaneous injection of eggs of Tuchocephalus despressis- 
unculus into puppies produced an infection of the intestinal tract with 
appearance of ova in the feces 

5 Tuchocephalus dispai is a definite cause of appendicitis 

6 Many cases of so-called tropical “idiopathic peritonitis” aie of 
helminthic origin 

7 Tuchocephalus is a factor in the transmission of infections 
through the intestinal tract, due to its tendency to perforate the intestinal 
wall, resulting in peritonitis, septicemia, perinephritis and pyelitis 

11 Fernan-Nunez, M A Contribution to Helminthic Therapy, JAMA 
88 903 (Mar 19) 1927 
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8 Approximately 30 per cent of cases commonly diagnosed as 
amebic dysentery m tropical America are of tnchocephalic origin 
Anthelmintic treatment is specific in such cases 

9 Purpura hemorrhagica can result from intoxication with the 
hemolytic enzymes injected m the host hy T) icJiocepholus 

10 Acrocyanosis dystrophica, pernicious anemia, urticaria and 
goitei may be associated with helminthic infestation 

11 The blood pigment in the intestinal mucosa of Tnchoccphalns 
dispai IS human pigment, as can be demonstrated by a modification of 
the Teichman test 

12 Eosinophiha is commonly more constant and of higher degree 
in tnchocephalic infection than in that produced by other nematodes, 
indicating that the small number of trichocephah which are usually 
found are capable of intoxicating the host more than are the usually 
large number of other helminths 

13 Tiichocephahis is associated with the hookworm in 33 per cent 
of all cases (m the tropics) As the hookworm treatment given by 
mouth IS often ineffective against Tt icJiocephalus, the campaigns against 
hookworm are not entirely effectual unless attention is given to the 
elimination of Tnchocephalus If Tuchoccphalus is not eliminated, its 
symptoms may be attributed to the hookworm This oversight has 
been one of the causes why Tuchoccphalus has not received the study 
which It deserves 



THE QUANTITATIVE DETERMINATION OF BLOOD 
AMYLASE WITH THE VISCOSIMETER-" 

ROBERT ELMAN, MD 

AND 
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ST LOUIS 

The presence of a starch splitting feiment in the blood of mammals 
has long been known and has been the subject of a great many experi- 
mental and clinical studies , yet its significance under normal, as well as 
under pathologic conditions, has remained somewhat of a mystery This 
may be due partly to the lack of unifoimity and lelative inadequacy of 
the piesent methods for the quantitative measurement of the enzyme 
In connection with other expeiiments on the external secretion of the 
panel eas, we became interested in studying blood amylase, and were 
impressed, as others have been, with certain piactical disadvantages of, 
as well as theoietical objections to, such methods 

METHODS 

Two geneial types of method have been emplojed m the measurement 
of blood and urinary amylase One has been based on the disappearance 
of the oiigmal starch solution, as revealed by its failure to give an iodine 
leaction,^ the other, on the accumulation of sugar as shown by deter- 
mination of the amount of copper i eduction after an arbitrary period 
of hydiolysis- Either method involves certain theoretical objections 
A long chain of separate reactions occuis in the diastatic formation of 
sugar from starch, and the relative activity of the enzyme toward the 
different parts of the chain remains unknown The fiist formation of 
sugar may occur before all the staich has disappeared, or, conversely, 
the amylase may hydrohze all the starch to dextnns before any sugar 
appears The selection of one step, therefore, m the measurement of the 
enzyme activity means that its influence on the other steps is ovei looked 
Moreover, by these methods the measure of the enzyme has depended 
necessarily on the amount of change during an arbitrary length of time, 
since the progi ess of the reaction has not been followed As Bayhss ® 
points out, "When comparing the action of different strengths of enzyme 
solutions it IS advisable to take as a basis of comparison the times taken 

=■ From the Department of Surgery, Washington University School of 
Medicine and Barnes Hospital 

1 Wohlgemuth, J Biochem Ztschr 9 1, 1908 

2 Moeckel, K , and Rost, F Ztschr f physiol Chem 67 433, 1910 

3 Bayhss, W The Nature of Enzjnne Action, ed 5. New York, Longmans, 
Greene & Co , 1924, p 52 
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to effect an equal change This is especially important wheie the reac- 
tion takes place in steps, since only in this manner is it possible to have 
comparable values ” 

From the piactical point of view, much difficulty is often expeiienced 
in selecting an end-point in the iodine leaction for starch, and, in our 
expel leiice, the same specimen frequently gave widely divergent values 
The sugar reduction method has the disadvantage of being relatively 
more time consuming, and, m the hands of others, as we shall point out, 
has otten led to conflicting lesults 

By use of the viscosimeter, advantage is taken of the fact that solu- 
tions become less viscous as the large molecules dissolved in them are 
hydiohzed into smallei and smaller units In this way, the activity of 
the enzyme can be studied, regaidless of what part of the chain it attacks 
By frequent readings, which are quickly and simply made, the change m 
Mscosity can be follow^ed continuously, and a curve can be plotted In 
the case of tryptic digestion, Northrop * has reported satisfactory results 
Recently, Davison has measured the stiength of vaiious diastase prepa- 
1 ations in this rva} , ^ he has compared this method with the older methods 
of amylase estimation, and has concluded that it is the most piactical and 
accurate ° In this i eport w^e shall be concerned with a more detailed 
study of Its use in the case of blood amylase 

EXPERIMENTAL PROCEDURES 

The blood from normal dogs was withdrawn from the jugular vein with a 
sjringe, emptied into glass tubes containing sodium citrate (20 mg to 10 
cc of blood), shaken, and centrifugalized to obtain clear plasma In some cases 
a part of the blood was allowed to clot, and the clear serum was used The 
blood was withdrawn at various stated periods from one to six hours after 
meals, and, in a few cases, after a fast of from one to three days The serum 
or plasma -was then added to the starch solution in the viscosimeter in amounts 
up to 0 8 cc , and readings were made 

Picpmatwn of Staich Solution — A solution of starch was prepared by boiling 
7 Gm of soluble starch (Lintner) of the dry powder in 70 cc of distilled water 
and made up to 100 cc with fifteenth molar phosphate buffer of />h 6 7 In a 
cotton stoppered flask, the solution was autoclaved for half an hour, it was 
then filtered, and the crystal clear solution used at once It was necessary to 
make a fresh solution each time, for, on standing, a precipitate formed 

Viscosity Readings — Five cubic centimeter portions of the starch solution 
were placed in each of several Ostwald viscosimeters of a suitable size and 
of a bore that permitted water to pass from the upper to the lower mark 
during about twenty seconds In such a tube, the solution of starch, prepared 
as already mentioned, took from fortv to forty-five seconds to pass the same 
distance The tubes were immersed in a water bath (with glass walls to per- 
mit observation) maintained with a thermostat at a constant temperature of 

37 58 C ± 0 1 , , , ^ . 

The period of outflow was determined by a stop watch, the solution tirst 
being drawn just past the upper mark Several control determinations 

4 Northrop, J H , and Hussey, R G J General Physiol 4 353, 1922 

5 Davison, W C Bull Johns Hopkins Hosp 37 281, 1925 

6 Maslow, H L, and Davison, W C J Biol Chem 68 75, 1926 
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were made over a period of several minutes before the plasma to be tested was 
added The outflow time was measured to 0 2 of a second Readings were 
made at first as rapidly as possible, but as the reaction proceeded, only after 
every ten or fifteen minutes The time in seconds of the initial reading was 
taken as 100 per cent and all subsequent readings after the addition of the 
plasma as percentages thereof 

EXPERIMENTAL OBSERVATIONS 

The observations in the case of a specimen of normal serum is rep- 
resented m the accompanying graph (chart 1) The curve is apparently 
a logarithmic one, but calculation of K for the monomolecular equation 
did not 3aeld constant values, though they tended to become constant as 
the reaction proceeded 



- AmR APOIRC PLASMA 

Chart 1 — Graph plotted from determinations of the viscosit}' of the starch 
solution after the addition of plasma from a normal dog 

From the practical point of view, howevei, it was at once appaient 
that a simple Imeai relationship existed between the amount of enzyme 
and the length of time required to effect a given change (20 per cent) 
in the time of flow, that is, m the viscosity In the instance mentioned, foi 
example, with 0 4 cc of plasma, the outflow time was reduced fiom foity- 
six seconds to thiity-seven seconds in eighty-five minutes, and with 
0 8 cc from forty-six to thirty-seven seconds m forty-three minutes 
The same inverse ratio was found m lepeated trials on the same blood, 
as well as on blood from fifteen different dogs To test the relationship still 
further, a specimen of blood possessing an inci eased amylolytic powei 
was tried This was obtained from a dog m which pancreatic obstruction 
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had occuned, and showed within a greater range the same observations 
lepiesented in chart 2 Here it will be noted that the time required to 
cause 20 pei cent i eduction m outflow time for various amounts is as 
follows foi 0 05 cc , eighty-six minutes, for 0 1 cc forty-two minutes, 
for 0 2 cc , twent)''-two minutes, and for 0 4 cc , eleven minutes 

Fo) mnlaiwn of Aibitimy Units — To avoid expressing the amount 
or concentration of enzyme in units of time, it seemed convenient to 
translate these values into anothei form A.n arbitrary change of 20 
per cent in the outflow time was selected and one amylase unit defined 
as the amount of enzyme which would accomplish this change of vis- 



Charl 2— Graph plotted from determinations of the viscosity of the starch 
solution after the addition of plasma trom a dog in which pancreatic obstruc- 
tion had occurred 

cosity in one hour — the same teim used by Northrop ^ in defining the 
tr 3 ’psin unit The lelationship between time of change and quantity of 
amylase, as indicated by the results cited in the foregoing, follows 

Arrhenius’ rule, definition, U = — * To 

introduce concentration of enzyme, the factoi of volume is added, giving 
as the final formula 

60 

U = 

TV 

in which U IS amylase units per cubic centimeter , T is minutes required to reduce 
tlie outflow time of the starch solution 20 per cent, V is the volume in cubic 
centimeters of the enzyme sample required to effect this change 
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Unifoimity of the Amylase Content of Normal Blood — ^The amylase 
units contained m normal blood were relatively uniform In all but one 
of thirteen dogs, 0 4 cc of plasma reduced the outflow time 20 per cent 
in from sixty to one hundred minutes, or, using the aforementioned 
formula, the values were between 2 5 and 1 5 units (table 1) In cases 
of pancreatic obstruction, as will be reported in a succeeding paper, this 
value may rise to as high as 75 units within twenty-four hours In the 
instance represented in chait 2, it was 15 units 

The influence of food, as is indicated in table 1, was almost negligible 
Whether the animal had fasted for a day or had eaten within an hour, 
theie was little deviation from the noimal 


LEuts of Amylase tn the Blood of Dogs 
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Comparisons between plasma and serum were made in a numbei of 
instances, and no difference was detected between the two, provided the 
examinations were made within an hour or two aftei the blood had been 
withdrawn This indicates the absence of any immediate effect from 
citrate If the blood was allowed to stand, however, even in the icebox, 
marked deviations were found The plasma uniformly deterioiated, 
losing 50 per cent or more of its amylolytic power within a day oi two 
The serum, for some unknown reason, retained its potency and actually 
became strongei in several instances 

Amylase m the Blood of Dogs tn Whtch the Total Pancieatic Jmee 
Had Been Dtamed — In three dogs in which intubation for the collection 
of the total external secretion of the pancreas was performed, examina- 
tion of the blood revealed the following value for the blood amylase 
1 8, 1 5 and 2 units 

Drainage of the total pancreatic juice under sterile conditions was 
performed by a method described elsewhei e ’’ 


7 Elman, R, and McCaughan, J M J Exper Med 45 561, 1927 
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COMMENT 

Despite the many obseivations on the amylase content of human blood 
and of the blood of the dog, it is difficult to determine any degree of 
umformitj among them, mostly, jDeihaps, because of the many differ- 
ences m the method used In genei al, thei e seems to be some agreement 
that blood amylase is more or less constant m the normal oiganism 
Wohlgemuth,^ however, found great variations in the human blood from 
more than eighty cases, and Cohen ® found the value in dogs ranging 
between 13 and 67 Markowitz and Hough ° leported variations between 
9 and 25 m fifteen normal dogs In the study of human disease, using 
the same method, Meyer and Killian found definite variations, whereas 
Lew is and Mason were unable to confirm them 

The method herein desciibed does not have the theoretical objections 
already mentioned It has pioved simple and easy to cany out, and the 
readings are entiiely objective The accuracy on repeated determinations 
of the same specimen has been within 5 per cent Specimens of blood 
from normal canines have yielded values varying between 1 5 and 2 5 
units in a series of thirteen animals No change was observed after a 
fast, and it could not be detected that meals had any influence 

Several possible sources of error should be mentioned The zero 
point, that is, the initial viscosity, might be altered by the mere addition 
of serum, quite apart from its amylolytic action The first few values 
however, as is shown by the charts, always fell fairly close to the curve 
The viscosity of serum, it was found, is about the same as that of the 
starch solution w^e were using, so that there was no alteration of the 
initial viscosity in this way In the case of urine, this was not true, and 
as will be pointed out in a succeeding paper, a correction for the zero 
point was necessary in determining the concentration of certain speci- 
mens of uiine containing amylase 

The influence of moderate differences m the initial viscosity of the 
starch solution prepared at different times was considered It was incon- 
venient to adjust each solution to the same viscosity, but, m testing the 
same serum with starch solutions of various viscosities (between that 
expressed by a time outflow of forty and forty-six seconds), the cal- 
culated activity differed not more than 5 per cent 

The significance of the blood amylase in dogs in which the total 
pancreatic juice had been drained may be surmised from the three experi- 
ments here reported, in which no reduction in the blood amylase occurred 
following several days of drainage of the total pancreatic juice From 
this it may be inferred that if the blood amylase is of pancreatic origin, 

8 Cohen, S J Am J Physiol 69 125, 1924 

9 Markowitz, J , and Hough, H B Am J Physiol 75 571, 1926 

10 Meyer, V P, and Kilhan, J A J Biol Chem 29 179, 1917 

11 Lewis, D S, and Mason, E H J Biol Chem 44 455 1920 
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the intestinal absorption of diastase plays little or no part in the main- 
taining of the level of the enzyme in the blood On the other hand, 
if the feiment is resorbed from the ducts, the leading oflf of the pancreatic 
juice to the outside does not prevent its occurrence 

SUMMARY 

A method is desciibed for the quantitative estimation of amylase 
based on the time lequired to effect an arbitral y reduction in the outflow 
time in a viscosimeter of a buffeied starch solution The time values 
thus obtained were found to vary in simple inverse relation with the 
concentration of amylase An arbitrary amylase unit was selected as 
representing the concentration of enzyme capable of lowering the vis- 
cosity of 7 per cent starch solution by 20 per cent in one houi Using 
this standard, we found that the amylase content of the plasma of normal 
dogs fell between 1 5 and 2 5 units Fasting did not altei this range, 
and meals did not have any influence In three instances m which the 
total pancreatic juice was draining to the outside, the amylase content 
of the plasma was within these same limits 

The method has proved simple and easy to cany out, and would 
seem to be readily adopted for routine use 
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Acute mihary tuberculosis has been so thoioughly studied that the 
mere citation of an additional case would not be of paiticular interest 
It IS well known that the disease usually originates from tubeiculosis 
of the Ultima of a blood or lymph vessel, sometimes by the penetration of 
a caseous focus into a vessel wall A rupture of the caseous area sud- 
denly tliiows millions of tubeicle bacilli into the blood stieam, these 
are sifted out by various organs and lead to the formation of innumer- 
able mihary tubercles A survey of the literature shows few reported 
cases in which the disease has oi iginated in the female generative organs 
and has been definitely influenced by pregnancy or delivery 

REPORT OF A CASE 

Htstoty — Mrs V, aged 20, married seventeen months, five months pregnant, 
was admitted to the Syracuse Memorial Hospital on Dec 29, 1924 A grandfather 
had died of tuberculosis, otherwise the family history was not important The 
patient gave a past history of measles, pertussis and scarlet fever, with full 
recovery from all She had had no operations or accidents , she did not take 
cold easily and had never been seriously ill Menstruation began at 13 and was 
always regular, with dysmenorrhea and scanty flow She had had one previous 
miscarriage brought on by herself a year before her admission to the hospital 
Her last menstruation occurred five months before admission She denied any 
interference with this pregnancy One week previously she had had an acute 
cold and cough, but was not seriously incommoded, and was able to do her work 
about the house Thirty-six hours before admission she noticed a slight vaginal 
discharge which became bloody the following day, accompanied by violent colicky 
abdominal pain A few hours after entrance to the hospital, she expelled a five 
months’ fetus During the next five days the lochia became foul and profuse, and 
the patient coughed considerably, but the result of frequent examinations of the 
chest were negative At the end of a week the lochia diminished in amount, the 
odor disappeared and the cough lessened However, in spite of an apparently 
good general condition, the temperature rose to 103 6 F the day after the miscar- 
riage, and the pulse rate to 125 For more than three months the patient con- 
tinued to have a septic type of temperature, averaging 102 or 103 F in the evening, 
with a daily variation of from 2 to 4 degrees between the low and high points 
The pulse was constantly rapid, and the respirations averaged from 18 to 
22 After seeing the patient laugh and joke with other patients, and noting her 
good general condition, it was difficult to believe that she was suffering from 
a serious illness 

ExammaUon — The patient was a slender young woman with bright eyes and 
a somewhat delicate appearance Ophthalmic examination showed a persistent 
hyaloid artery Results of examinations of the chest were at first negative, but 
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on March 17, 1925, a few transient fine rales were heard at the left base m the 
posterior axillary line After this date occasional scattered rales were heard, but 
no definite pathologic signs could be distinguished Shortly after entrance 
to the hospital, an elongated mass — firm and slightly tender — was noted in the 
right lower abdominal quadrant Examination of the vagina disclosed a sub- 
involuted uterus with a thickening in the region of the right broad ligament This 
area on the right gradually increased to the size of an orange, was apparently 
in front of the broad ligament, not tender and probably separate from the mass 
in the right lower quadrant 

On Jan 21, 1925, a roentgenogram of the chest showed rather dense shadows in 
the hilum The markings of the lung were rather prominent, with considerable 
stippling throughout both sides The observation was considerqd suggestive of 
peribronchial and glandular reaction 

On March 7, a roentgenogram of the chest showed a marked increase in the 
stippling and mottling throughout the parcnchjma of the lung The distribution 
was uniform from the apexes to the bases The appearance suggested a possible 
miliary tuberculosis 

On April 7, no change was noted in the roentgenogram of the chest 

On February 14, following a barium meal and barium enema, it was 
reported that the region of the cecum failed to fill in the usual manner, and that 
the observations were rather suggestive of some abnormality in this region 
The roentgen-ray department deserves credit for being the first to diagnosticate 
miliary tuberculosis m this patient 

Repeated blood cultures and the blood Wassermann reaction were negative 
Numerous blood counts gave the following averages red blood cells, 3,000,000 
plus, hemoglobin, from 70 to 75 pci cent, leukocytes, from 6,000 to 8,000, and 
neutrophils from 66 to 80 per cent The differential count was normal Toward 
the latter part of her illness the leukocjtc count tended to rise moderatelv 

The urine showed the constant presence of a faint trace of albumin and a 
moderate number of leukocytes — also found in cathetenzed specimens Numerous 
examinations of the sputum were negative for tubercle bacilli 

Couise of Illness and Oferatton — Despite the continued septic temperature, 
♦he patient’s condition remained fairlj good, she coughed little and was out 
on the roof when the weather permitted The report of the roentgen-ray depart- 
ment on March 7 of possible miliary tuberculosis did not meet vith general 
acceptance in view of the other observations An increase in the size of the pelvic 
mass led to a decision to opeiate 

On March 26, a midline incision was made from umbilicus to sjmphysis 
When the peritoneal cavity was opened, an inflamed mass was found in the right 
side of the pelvis in the region of the broad ligament Several loops of ileum 
with the omentum were firmly adherent to each other On separating these the 
exploring finger entered an abscess cavity in the region of the right broad 
ligament This contained about 30 cc of thick, yellow pus with the odor of 
BaalUis coli Only a little of the parietal peritoneum could be seen At several 
points, however, on both parietal and visceral peritoneum were small tubercules — 
1 or 2 mm in diameter The wound was closed with silkworm gut sutures and 
a cigaret drain 

The patient made a satisfactory postoperative recovery, but the temperature 
continued to run the same septic course, entirely unaffected by the operation The 
incision failed to heal and soon broke down A profuse yellow discharge with 
fecal odor came from the wound, the edges of which began to gape The patient 
commenced to decline rapidly The pulse grew weaker, and on April 4 she became 
irrational and would not eat On the 6th she could not see, and on the 8th she 
went into a stupor On April 9th the head and eyes were turned to the left and 
the left pupil was larger, lateral, and at times vertical, nj^stagmus were noted 
Marked internal strabismus was present on the right Froth issued from the right 
side of the mouth The neck was not rigid The lungs were clear and the 
breathing was quiet Knee jerks were absent There were no abnormal reflexes 
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Examination of the fundus showed no change Lumbar puncture on April 10 

gave a negative fluid, with no tubercle bacilli demonstrable The patient died 
on April 11 

Aitfopsy (Performed by Dr T C Wyatt, assisted by Dr C C Carpenter) 
Ihe body was that of a fairly well developed and poorly nourished woman, 
estimated length, 155 cm , estimated weight, 100 pounds Rigor mortis was 
moderate Livor mortis was moderate in the dependent parts The scalp, ears 
and nose were normal The pupils were moderately constricted and equal There 
was a brownish discoloration of the lower portion of the left conjunctiva The 
mouth was foul Several teeth were missing, those remaining were in fair condi- 
tion Superficial lymph nodes were not palpable In the lower portion of the 
abdomen, in the midline between the umbilicus and pubis, there was a longi- 
tudinal incision about 9 cm m length, the walls of which were reddish and 
covered with grayish purulent material The lower portion of the incision was 
open and was about 4 cm wide, being packed with gauze When the gauze was 
removed there was an opening into the peritoneal cavity, and a moderate amount 
of grayish purulent material was seen just above the symphysis pubis This wall 
was apparently not healing The upper and lower extremities were normal 

The peritoneal cavity contained no free fluid Scattered over the visceral and 
parietal peritoneum were elevated grayish areas, the average size of which was 
about that of a pinhead These were also scattered along the intestines and 
mesentery There were fibrinous adhesions between the liver and the diaphragm 
and between the spleen and the diaphragm The diaphragm extended to the 
third nb on the right and to the fourth rib on the left The foramen of Winslow 
was open The lesser peritoneal cavity was normal The mesenteric lymph nodes 
W'ere not enlarged The appendix was free and without evident lesion The right 
tube extended up to the lower portion of the cecum and was adherent to it About 
1 cm above the base of the appendix was an irregular, rounded perforation into 
the cecum about 0 5 cm in diameter About 2 cm above this and m line with it, 
on the anterior surface of the cecum, was a similar perforation about 2 cm in 
diameter The walls of each of these were smooth and apparently not thick- 
ened The coils of the small intestine were matted together by fibrinous adhesions 
The remainder of the large and small intestines was without evident lesion as 
examined, with the exception of those already described The uterus was 
retroverted and appeared dark red , between it and the bladder was a fairly large 
amount of grayish purulent material 

The pleural cavities contained no free fluid Scattered over both visceral and 
parietal pleurae were irregular, rounded, grayish, pmhead-sized, elevated areas 
There w-ere no adhesions around the lungs 

The pericardial cavity contained from 15 to 20 cc of slightly cloudy amber 
fluid Beneath the epicardium were reddish, pinhead-sized punctate areas of 
hemorrhage The pulmonary artery opened in situ revealed no embolus Over 
the parietal pericardium in the region of the right auricle was a grayish, slightly 
thickened area about 1 cm in diameter Otherwise the pericardial cavity was 
without evident lesion 

The weight of the heart was 175 Gm The epicardium was without evident 
lesion, with the exception of that described in the foregoing On section, the 
valves were without evident lesion Beneath the endocardium, more marked in 
the left ventricle, were irregular dark reddish areas of apparent hemorrhage 
The myocardium was brown In the region of the left ventricle there were 
apparently three or four grayish, pinhead-sized areas in the substance of the 
myocardium 

The weight of the right lung was 350 Gm , that of the left was 340 Gm The 
bronchi and pulmonary vessels were without evident lesion The lungs were 
crepitant throughout On section, irregular, rounded, grayish areas varying in 
size from that of a pinhead to 3 mm in diameter were seen scattered over the cut 
surface in a fairly uniform distribution In the upper right lobe there was a 
rounded area about 2 cm in diameter, the center of which contained a grayish. 
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moderately dry, “cheesy” material Around the “cheesy” material the lung tissue 
was dark red The wall of this did not appear unusually thickened A moderate 
amount of grayish, frothy material could be expressed from the cut surface 
The weight of the spleen was 125 Gm Scattered over the outer surface of 
the spleen were elevated, grayish, pmhead-sized areas On section, a few similar 
grayish areas were seen on the cut surface The markings were fairly distinct 
The weight of the liver was 1,125 Gm Scattered over the surface of the liver 
were grayish, elevated areas from 1 to 4 mm m diameter On section, the cut 
surface of the largest of these areas appeared somewhat “cheesy ” Three or four 
pmhead-sized, grayish areas were seen on the cut surface 
The gallbladder and ducts were without evident lesion 
The weight of the kidneys was 225 Gm They were not unusual in their 
external appearance On section, the markings were distinct Scattered over the 
cut surface were a few pmhead-sized, grayish areas The capsule stripped easily, 
leaving a smooth surface 

The suprarenals were without any evident lesion 

In the lower end of the ileum near the ileocecal junction there were a few 
irregular superficial yellowish ulcerations varying in diameter from 2 to 10 mm 
On one side of the larger perforation in the cecum, described in the foregoing, 
there was a similar irregular area of superficial ulceration about 8 mm in 
diameter With the exception of this area, the inner margins of the perforation 
showed no evidence of change 

The pancreas was without any evident lesion as examined 
On the peritoneal surface of the pelvic organs uerc numerous pinhead-sizcd, 
grayish, elevated areas similar to those found in other portions of the peritoneal 
cavity In the inner third of the right fallopian tube there was an irregular per- 
foration, the tissues around which tended to be dark red There were areas both 
in the wall of the tube adjacent to the perforated portion and in the adjoining 
tissues w'hich were yellowish and somewhat “cheesy ” The outer two thirds of 
this tube contained a quantity of yellowish “cheesy” material, and the mucous 
membrane m this region was roughened and irregular The lumen of the left 
fallopian tube m the distal two-thirds contained a small amount of yellowish 
“cheesy” material At the junction of the left fallopian tube and the horn of 
the uterus there w'as a collection of yellowish “cheesy” material from 1 to 1 5 cm 
in diameter The endometrium of the entire uterus was roughened and irregular, 
and presented numerous irregular, yellowish areas vary ing in diameter from that 
of a pinhead to from 3 to 4 mm , w'hich were apparently numerous small, 
irregular, superficial ulcerations Except that it seemed slightly roughened, the 
cervix was without evident lesion 

The aorta showed a few slightly elevated irregular yellowish areas 
The weight of the brain was 1,275 Gm It filled the dura w'lthout eMdence 
of distention Convolutions were visible through the dura At the base of the 
brain and extending out for a short distance into both sylvian fissures, there 
was a small quantity of yellowish-gray exudate in the pia-arachnoid Scattered 
along the vessels at the base of the brain, fairly numerous pmhead-sized, graynsh 
elevations could be distinguished in the pia-arachnoid On section, the ventricles 
contained slightly more fluid than usual, and it was slightly cloudy^ Just outside 
and beneath the middle portions of the floor of each lateral ventricle there w'as 
a rounded, yellowish area from 3 to 4 mm m diameter, the extreme periphery 
of which seemed slightly darker than the surrounding brain tissue The brain, 
on section, was otherwise without evident lesion 
The base of the skull was without evident lesion 
The middle ears were without evident lesion 

The anatomic diagnosis was tuberculous endometritis, bilateral tuberculous 
salpingitis, pelvic abscess on the right side, tuberculous peritonitis, miliary tuber- 
culosis of the lungs, miliary tuberculosis of the kidneys, tuberculous meningitis, 
tubercles in the substance of the brain, probably tuberculous ulcerations in the 
ileum and cecum and slight arteriosclerosis 
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Mtci oscopic Examinatwn — The heart showed a slight fatty degeneration, tend- 
ing to be just beneath the endocardium 

There were miliary and conglomerate tubercles in the lungs Slight edema 
was present Sections from the wall of the small cavity (see gross description) 
showed a few tubercles, exudate and hemorrhage — apparently a relatively recent 
process with little evidence of connective proliferation 

Tuberculosis with hyalinization of the connective tissue was found in the 
bronchial lymph node 

Evidence of miliary tuberculosis was found in the spleen 

There was miliary tuberculosis of the liver A slight fatty change tended to 
involve the central portions of the lobules 

On the kidneys were miliary and conglomerate tubercles 
The brain showed tuberculous meningitis Small “solitary” tubercles occurred 
in its substance 

Examination of the uterus revealed tuberculous endometritis and myometritis 
There was tuberculous salpingitis in the fallopian tubes 
The cecum showed tuberculosis with perforation 

Coinmcvt — As a result of the study of the gross material and microscopic 
sections, it seemed probable that the genital tuberculosis was the source of the 
general miliary tuberculosis as well as of the tuberculous peritonitis and the tuber- 
culosis of the cecum The tuberculosis of the uterus was apparently a relatively 
old process, probably causing the abortion in December , following the abortion, 
it probably progressed rather rapidly and, with secondary infection, resulted in 
pelvic abscess and later in general miliary tuberculosis The relationship of the 
tuberculosis of the cecum to the pelvic tuberculosis and peritoneal tuberculosis 
IS indefinite However, the involvement of the cecum was apparently rapidly 
progressive with little evidence of connective tissue proliferation, and might have 
occurred within a relatively short time The finding of what was apparently a 
relatively old tuberculous infection of the bronchial lymph node with hyalinization 
suggests the possibility that the genital tuberculosis was secondary to an obscure 
focus in some other portion of the body rather than being itself primary 

REVIEW or THE LITERATURE 

In 1897, Clanbel Cone ^ repoited m great detail a case of encysted 
dropsy of the peritoneum secondary to uterotubal tuberculosis and asso- 
ciated with tuberculous pleurisy, generalized tuberculosis, miliary tuber- 
culosis of most of the organs, and pyococcal infection She concluded 
that the disease began as a low grade tubeiculous inflammation of the 
pelvic viscera some time befoie pregnancy, and that the phenomena inci- 
dent to pregnancy and the puerperium excited the process to increased 
activity General infection of the blood stream later ensued Usually, 
tuberculosis of the tubes and peritoneum is secondary to tuberculous 
disease elsewhere, most commonly m the lungs, but in her case no old 
foci were found She believes that primal y tuberculosis of the tubes 
may originate by infection through the blood stream or from without 
through the vagina The latter route appears more probable 

Newman ^ gives a brief report of the case of an Indian woman, aged 
36, who apparently developed puerpeial infection a few days after child- 
birth She had high fever, rapid pulse and respiration, evidence of dis- 


1 Cone, Clanbel Bull Johns Hopkins Hosp 8 91, 1897 

2 Newman J Oklahoma MAW 347, 1919 
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ease in the right lung (pneumonia^), tenderness of the right ovai>, 
swelling and tenderness of the uterus and phlegmasia alba dolens Theie 
weie 15,000 leukocytes The patient died foui weeks after childbirth 
Newman stated that the autopsy showed acute miliaiy tuberculosis, but 
he gave no further details 

Robinson^ repoited the case of a Avoman, aged 22, Avho died at the 
Piesbyterian Hospital, Chicago, two months after delivery at term 
Autopsy showed focal tuberculosis of the right tube with acute miliar} 
tuberculosis 

Audion ‘ reported the case of a girl, aged 13, not pregnant, Avho 
died after an illness of thiee and a half weeks Autopsy showed acute 
miliary tuberculosis and caseous tuberculosis of the uteius and tubes 

Kraus'^ reports two cases, the fiist being of a somewhat different 
type A woman, aged 23, foui months pregnant, was admitted to the 
hospital with manifest pulmonary tuberculosis and a sputum positive 
foi tubercle bacilli She died four weeks later, undehveied, with signs 
of acute miliar}'' tubeiculosis of the lungs Autopsy confirmed these 
obseivations and also disclosed chionic tuberculosis in various organs 
The uteius, placenta and tubes showed Avell marked tuberculous changes 
The second patient was a woman, aged 31, five months pregnant, A\ho 
was admitted to the hospital with a diagnosis of pulmonary tubei culosis 
She aborted in thiee days and died three weeks later Miliary tuber- 
culosis of many organs was found, with chionic lesions in the lungs and 
uterus The tubes were free from disease He quotes similar cases 
reported by Lehman,® Schmoil and Kokel," Rokitansk},® Breus,® 
Stolpei,^® Davidsohn,^^ and Hunermann 

Kraus states that it is a well known fact that a latent or obsolete 
tubeiculosis of the respiiatory organs often develops into acute miliary 
tuberculosis in childbed Othei cases may show generalization from a 
tubal tubeiculosis which later spreads to the uterus In a thud type, as 
reported by Huneimann, infection in the blood stieam developed from 
infection of the placenta which in turn followed tubal tuberculosis 
(Westenhofei ) 

In 1917, Gertiude Cuny leported a case of her own and was able 
to collect eight additional cases, two of which had been mentioned by 

3 Robinson N Am Pract 19 1897 

4 Audion Gaz hebd de med 3 217 (IMarch) 1898 

5 Kraus Ztschr f Geburtsh u Gynak 52 437, 1904 

6 Lehman Deutsche med Wchnschr 1893, p 200 

7 Schmorl and Kokel Beitr z path Anat u z allg Pathol 16 313 

8 Rokitansky Allg Wien med Ztg, I860, vol 21 

9 Breus Wien med Wchnschr, 1877, vol 44 

10 Stolper Stolper’s Monatsschr f Geburtsh u Gynak 11 354 

11 Davidsohn Berl khn Wchnschr 1899, p 547 

12 Hunermann Arch f Gynak 43 40 

13 Westenhofer Deutsche med Wchnschr , 1903, p 221 

14 Cuny, G Thesis, Berlin, 1917 
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Kiaus A woman, aged 28, had a slight use of temperaure following 
dehveiy, but felt well enough to leave the hospital in one week Eight 
weeks later, she was leadmitted with symptoms of sepsis and seveie 
psychic distuibances She died the next day Autopsy levealed geneial 
mihaiy tuberculosis, seveie tubeiculosis of the uterus, a chalky tuber- 
culous gland the size of a walnut just above the bifurcation of the 
tiachea and a smaller calcified gland at the light hilum The light tube 
was completely transformed into a neciotic mass containing a few 
tubercle bacilli, and the mucous membrance of the fundus of the uteius 
was similarly involved The piocess in the thoracic lymph glands was 
old Probably the infection occuired m childhood, as the patient’s 
mothei had died of tuberculosis 

The eight additional cases with autopsy observations reported by 
Cuny showed similar chai actenstics Three patients went to full teim 
and five aboited In addition to general miliary tubeiculosis, all of the 
patients showed caseous tubeiculosis of the internal generative organs 
Usually the uterus and one or both tubes were involved In three cases 
old tubeiculous foci were piesent in the lungs and peribronchial lymph 
nodes In thiee cases no old tuberculous disease could be found outside 
of the pelvic oigans In one case theie was no focus in the thorax, but 
peritoneal tuberculosis was present In the eighth case (Weichsel- 
baum the condition of the other oigans was not made clear, but the 
micioscopic observations are of particular interest At the site of the 
insertion of the placenta (aboition at four months), theie were several 
caseous nodules, some of which extended to the walls of the throm- 
bosed veins and seemed to be connected with the thrombi inside the 
latter The tubeiculosis had evidently developed first m the tissue and 
had extended to the veins, the walls of which it had penetrated As some 
of the tubercles in the veins were caseated, they weie evidently the stait- 
ing point of the general miliary tubeiculosis In all of the eight cases, 
except that of Schellong,^'^ the uteius was seriously involved and was 
evidently the staitmg point of the miliary tuberculosis, in his case only 
one tube was involved, the uteius being free Cuny believes that uteime 
tuberculosis may cause abortion Ctiny’s eight collected cases include 
two by Weil and one each l3y Westenhofer and Frankenburger 

COMMENT 

Acute miliary tuberculosis following dehveiy is undoubtedly more 
common than is generally realized The fact that medical literature in 
English IS almost lacking in case reports, and that a definite though 

15 Davidsohn (footnote 11) Hunermann (footnote 12) 

16 Weichselbaum Munchen med Wchnschr 1884, nos 12 and 13 

17 Schellong Centralbl f Gynak 1885, vol 27 

18 Wed Medical Dissertation, Strassburg, 1909 

19 Frankenburger Munchen med Wchnschr 1884, nos 12 and 13 
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small nuinber has been collected from continental sources probably 
depends on the relative difference in the frequency of autopsies The 
diagnosis is seldom made during life Most of the unrecognized cases 
are undoubtedly classed as puerperal sepsis Genital tuberculosis may 
arise primarily by infection from without through the vagina, or may be 
secondary to a focus elsewhere in the body, notably in the respiratory 
organs The strain incident to pregnancy or delivery may cause 
increased activity of the disease with general dissemination by way of 
the blood stream, leading to miliarj^ tuberculosis of various organs 

CONCLUSIONS 

1 When women continue to have fever and repeated negative blood 
cultures after delivery, acute miliary tuberculosis should be considered 

2 Routine roentgenograms of the chest may be of great diag- 
nostic aid 



THE EFFECT OF THYROID MEDICATION IN 

NEPHROSIS 

SHIH-HAO LIU, MD 
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With the recent advances in the study of blood chemistry and metab- 
olism, there has been gathered more and more evidence m suppoit of the 
view that the nephiitis often called chionic parenchymatous nephritis 
lesults fiom some geneial metabolic disorder Epstein^ is one of the 
foremost exponents of this theory He calls this type of nephritis 
nephrosis, regarding it as fundamenally different from all the other types 
It IS characterized by insidious onset, apparently unassociated with any 
known infection, by anasarca and effusion into the serous membranes, 
by marked albuminuria, with or without casts, by changes in the blood 
chemistry, namely, reduction of plasma protein, inversion of albumin- 
globulin ratio and increase of blood lipoids (cholesterol), and, finally, 
by a decrease of basal metabolism In contrast to other kinds of nephri- 
tis, there is, at least m the early stages, no hypertension, cardiac enlarge- 
ment, hematuria or marked retention of nonprotem nitrogen in the blood 

The most characteristic changes are low plasma protein and hyper- 
cholesterolemia With the decrease of plasma protein, the osmotic 
pressure due to the colloids of the blood, which counteracts the mtra- 
capillary pressure, is diminished, thus allowing a free transudation of 
blood fluids from the capillaries to the tissues and enhancing the ability 
of the tissues to hold watei and salts This constitutes the mode of pro- 
duction of edema in nephrosis, according to the hypothesis of Epstein 
The fact that in complete nephrectomy, m tubular nephritis, in mercury 
poisoning and in chronic interstitial nephritis there may be anuria or 
extreme renal insufficiency without the appearance of edema, indicates 
that edema does not depend entirely on the changes in the kidney and 
adds much weight to the theory The increase of blood hpoid with the 
decrease of basal metabolism ^ suggests that there are changes that affect 
the bodily mechanism as a whole, the kidney disturbances being a part 
of the whole picture 

Kaufmann,® in a clinical and pathologic study of nephrosis, also 
comes to the conclusion that edema has little relation to the kidney, but 

^ From the Department of Medicine, Peking Union Medical College Pre- 
sented before the China Medical Association Conference, September, 1926 

1 Epstein, A A Am J M Sc 154 638, 1917, 163 167, 1922, M Clin N 
Amer 4 145, 1920 , 5 1067, 1922 

2 Epstein, A A , and Lande, H M Rec 100 1096, 1921 

3 Kaufmann, J, and Manson, E Nephrosis, Clinical and Pathologic 
Study, Arch Int Med 35 561 (May) 1925 
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depends on alteied capillary permeability as a result of a general sys- 
temic cellular degenerative process of unknown oiigin Clausen^ also 
regards parenchymatous nephritis m children, which coriesponds to 
Epstein’s nephrosis, as a general systemic disoi der The serum surface 
tension in such cases ® is much diminished, thereby increasing the permea- 
biht}^ of colloidal membranes to piotem, with resultant edema 

As to the etiology, while Clausen ® was able to demonstrate the 
presence of a paianasal infection m his series of eleven cases of nephio- 
sis, a precedent infection was not found in the cases reported by other 
authors " On the other hand, the inciease of blood hpoid with a decrease 
in basal metabolic rate, and the demonstration of myxedema or the less 
manifest hypothyioid states in a certain pioportion of cases of nephro- 
sis ® would speak for thyi oid deficiency With this view in mind, 
observations on the effect of thyroid extract on nephrosis are interesting 

As early as 1912, Percy” used thyioid extiact in thirty-five cases ot 
nephiitis of all types, with good results, and later lecommended its 
use m patients with nephritis on whom operations aie contemplated 
Phipps leported seven cases of nephritis, in which the patients were 
benefited by the thyroid tieatment Bowen and Boothby leported that 
in two cases of myxedema associated with chronic nephritis and edema, 
thyroid medication was followed by improvement in the renal condi- 
tion as well as in the hypothyroidism In three other cases unassociated 
with myxedema, the patients were not affected by the administration of 
thyroid extract The reports of these cases, however, are not detailed 
enough to allow definite conclusions 

Eppinger,^® impressed hy diuietic effect and appaient dila- 
tive properties of th3^roid extiact in ceilam forms of edema, under- 
took a study of the mechanism of its action He found that in normal 

4 Clausen, S W Parenchymatous Neplintis , As General Systemic Dis- 
order, Am J Dis Child 29 581 (Ma-\ ) 1925 

5 Clausen, S W Parenchymatous Nephritis, Surface Tension of Blood 
Serum, Am J Dis Child 29 594 (May) 1925 

6 Clausen, S W Parenchymatous Nephritis , Infection of Paranasal 
Sinuses as Etiologj^ Am J Dis Child 29 587 (May) 1925 

7 O’Hare, J P M Clin N Amer 2 1455, 1919 Rabinowitch, I M, and 
Childs, M C C Contribution to Biochemistry and Treatment of Chronic 
Nephrosis, Arch Int Med 32 758 (Nov ) 1923 Mason, E H Internat Clin 
1 163, 36 series, 1926 

8 Bowen, B D , and Boothb}', W M J Urol 1 469, 1917 Epstein, A A , 
and Lande, H (footnote 2) 

9 Perc 3 ', J F Thyroid Extract in Nephritis, J A M A 59 1708 (Nov 9) 

1912 

10 Perc 3 ^ J F Nephritis Its Treatment with Thyroid as a Preliminar 3 ' to 
Operation, J A M A 61 380 (Aug 9) 1913 

11 Phipps, C -Boston M & S J 174 73, 1916 

12 Bowen, B D , and Boothby, W M J Urol 1 469, 1917 

13 Eppinger, H Zur Pathologic und Therapie des menschlichen Odems, 
Berlin, 1917 
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pel sons and expei iinental animals thyroid extract appeared to diminish 
the ability of the cells to hold water and salts, so that these substances 
weie retuined to the blood and excreted at an increased rate On the 
othei hand, extiipation of the thyroid gland lesiilted in inci easing the 
storage of watei and salts in the tissues, and in consequent slowing of 
the late of excietion In the therapeutic use of thyroid extract, sti iking 
results weie obtained in cases of edema m chronic parenchymatous 
nephritis Eppingei is convinced that the beneficial results of thyroid 
extiact aie due to its effect on the cellulai metabolism, and believes that 
they suggest an association of hypothyroidism and edema Epstein, 
on the same basis, also recommends thyroid extract as a supplement to his 
treatment of nephrosis with high piotein diet 

Although Eppingei and Epstein are stiong advocates of thyroid 
theiapy m nephiosis, its use has not found general acceptance I shall 
lepoit the effect of oial administration of thyioid extract in two cases 
of nephrosis which confoini to the definition of Epstein both clinically 
and m the blood and metabolic observations 

REPORTS OF CASES 

C \SE 1 — Y H T , a Chinese man, aged 42, was admitted to the Peking 
Union Medical College Hospital on May 22, 1926, with a history of a gradual 
onset of edema of the face and lower extremities five weeks prioi to admission 
This was followed bv swelling of the scrotum and abdomen, with oliguria and 
d 3 spnea There was no history of infection previous to the onset Examination 
revealed generalized subcutaneous edema with moderate ascites and a small 
effusion into the pleural sacs and tunica vaginalis The body weight was 
60 Kg, and the height, 160 6 cm The temperature was normal, the pulse 
rate, 60 No foci of infection were found in the throat, ears, sinuses or teeth 
The eyegrounds were normal The blood pressure was, systolic, 150, diastolic, 
80 The urinary output was from 500 to 700 cc a day There was marked 
albuminuria, about 20 Gm per liter of urine, wnth many hyaline casts, and 
only an occasional red blood cell in the urine The phenolsulphonphthalem out- 
put 111 two hours was 15 per cent The blood picture show'ed slight secondary 
anemia with a normal number of white blood cells in the usual distribution 
Blood chemistry figures were as folloivs nonprotein nitrogen, 37 mg , uric 
acid, 5 3 mg , creatinine, 1 6 mg , carbon dioxide capacity, 44 7 per cent by 
volume , cholesterol, 400 mg , albumin, 3 per cent, and globulin, 1 5 per cent 
The basal metabolism as determined w'lth Tissot’s spirometer w'as — 18 7 per 
cent 

For three weeks after admission, the patient w'as given magnesium sulphate 
and a low protein and low^ salt diet, with fluids limited to 1,000 cc , there was 
no visible change in the edema and the body weight remained stationary (fig 1) 
Thyroid therapy was commenced, first with 024 Gm of dried thyroid gland 
daily for five daj's (June 14 to 18) , then with 036 Gm daily for nineteen days 
(June 19 to July 7) During this period, there -was a rapid discharge of edema, 
the body weight decreasing fiom 60 Kg to 46 Kg The basal metabolism rose 

from 18 7 to — 7 per cent , the blood cholesterol fell from 400 mg to 240 mg , 

the albumin content became 2 per cent and globulin 24 per cent During the 
following period (July 8 to 24), in which thyroid medication was continued, 
the basal metabolism showed a further rise to + 16 4 per cent, the blood choles- 
terol showed a further fall to 200 mg , albumin increased to 2 6 per cent and 
globulin to 4 per cent There was, however, a tendency to reaccumulation of 
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edema, which was especially marked on the discontinuance of thyroid extract 
(July 25 to August 1) At the end of this period of withdrawal of thyroid 
medication, the basal metabolism fell to — 14 1 per cent, and the blood choles- 
terol again increased to 400 mg 

It was then decided to give intensive doses of thyroid extract a trial (0 96 
Gm daily for four days, August 2 to 6) The resulting discharge of edema 
was spectacular The urinary output increased to 3,000 cc per day, and the 
body weight decreased from 51 8 Kg to 42 7 Kg , a decrease of 9 Kg in four 
days The basal fnetabolism increased rapidly to -1- 17 1 per cent, the blood 
cholesterol decreased to 343 mg , the albumin content was 2 5 per cent and 
globulin 2 7 per cent Apparentlv the changes in the blood -were slower than 



Fig 1 (case 1) — Effect of thyroid medication on bod> w'eight (edema), 
basal metabolism, blood cholesterol and blood proteins in nephrosis 

those m the basal metabolism There was slight palpitation of the heart wuth 
tachycardia and emotional disturbances with increased mental irritability, 
which, however, disappeared promptly when thyroid medication w'as discontinued 
temporarily and then given in small doses In regard to the urinary observations 
at the end of this period, albuminuria was reduced to 0 5 to 1 Gm per liter 
with only a few hyaline casts and with a phenolsulphonphthalein output of 
40 per cent in two hours The blood pressure was 128 systolic and 64 diastolic 
Edema was not demonstrable anywhere in the body 

Case 2 — Y C S , a Chinese woman, aged 41, married, was admitted to the 
Peking Union Medical College Hospital on May 11, 1926, on account of anasarca, 
accompanied by oliguria and frequent vomiting, wutli an msidions onset fifteen 
w'eeks before admission There was a history of “cold” with cough and fever 
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for ten days shortly before the onset of edema She had had six pregnancies, 
the last one a year before , edema had not been noticed during any of the 
pregnancies Physical examination confirmed the patient’s statement about 
the generalized edema with moderate ascites, but hydrothorax was not present 
She was mentally dull and apathetic, with normal temperature The body 
weight was 64 8 Kg , the height, 144 cm Her throat, sinuses, ears and teeth did 
not show any signs of infection Her eyegrounds were normal The thjroid 
gland was not palpable The heart was of normal size with a blood pressure of 
118 systolic and 62 diastolic The lungs showed slight dulness at the bases 
Urinalysis showed marked albuminuria, 10 Gm per liter, many granular and 
In^aline casts and no red blood cells The urinary output amounted to 500 cc 



Fig 2 (case 2) — Effect of tlnroid medication on body w'eight (edema), 
basal metabolism, blood cholesterol and blood proteins in nephrosis 

a day W'lth a phenolsulphonphthalem excretion of 18 per cent in two hours 
Examination of the blood revealed a slight secondary anemia and no leuko- 
cytosis The blood nonprotein nitrogen w^as 40 mg , cholesterol 320 mg , 
albumin 3 2 per cent and globulin 3 per cent The basal metabolism w^as — 23 5 
per cent 

Rest in bed, a diet low in protein and in salt, and the use of mild saline 
catharsis caused her edema to decrease gradually, and in thirty days (May 13 
to June 11) her body w’eight w'as reduced from 64 8 Kg to 55 3 Kg (fig 2), with 
slight subjective improvement Toward the end of this period when the dis- 
charge of edema had slackened, small doses of thyroid extract w'ere given for 
twm w'eeks (0 24 Gm a day from June 12 to 15) The thvroid extract raised 
her basal metabolism to normal, and caused a slightly accelerated discharge 
of edema and marked subjective improvement with return of appetite and 
brightening of mentality, although the cholesterol value became higher and 
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the protein lower Then thyroid treatment was stopped for two weeks (from 
June 26 to July 9), at the end of which period her basal metabolism showed a 
rapid fall to — 29 per cent, followed by a prompt rise to + 10 per cent on the 
resumption of thyroid treatment in a dosage of 0 32 Gm per day for twenty-five 
days (from July 10 to August 3) During this period of thyroid administra- 
tion when the basal metabolism was elevated, edema did not recur, the blood 
cholesterol decreased, and the blood proteins increased until they reached 
approximately normal levels 

Large doses of thyroid extract (0 96 Gm per day for four days from August 
4 to 7) were followed by a moderate tachycardia without further marked increase 
in the basal metabolic rate The blood cholesterol, however, was unexpectedly 
high and proteins unexpectedly low at this time The albuminuria, however, 
decreased considerably, and casts disappeared from the urine The phenol- 
sulphonphthalein output m two hours was 20 per cent The blood pressure was 
114 systolic and 62 diastolic At the time of this report the patient is receiv- 
ing a dose of thyroid extract calculated to replace its excretion She does not 
complain, and edema has not recurred 

COM MENT 

The two cases leportecl lepresent fairly typical examples of Epstein’s 
chionic nephrosis with lather giadiial onset of geneiahzed edema The 
blood pressure was slightly laised in one case, but normal in the other 
Cardiac enlargement and changes in the eyegrounds did not occur in 
either case The urine showed pronounced albuminuria and model ate 
cyhndruiia, with diminished output and low phenolsulphonphthalein 
excretion There was no retention of nonprotein nitrogen The high 
blood cholesterol, the low plasma protein with inveision of albumin- 
globulin ratio, together with the depressed basal metabolism, complete 
the picture of nephiosis A secondary anemia was present m both cases 

After the admmistiation of thyioid extiacts, m small doses at hist 
and large doses latei, the disappeai ance of edema in case 1 was striking 
The reduction of albuminuria was equall}'- stiikmg in this case The 
result in case 2 was not so spectaculai The decrease of edema was only 
slightly more lapid after the thyioid tieatment, but the general sub- 
jective improvement was unmistakable 

In regard to the diuretic effect of thyioid in nephrosis, nothing defi- 
nite can be said concerning its mode of action Fiom the observations 
made in the cases leported with an increase of basal metabolic rate 
following thyroid ingestion there weie definite changes in the blood 
cholesterol and proteins With the exception of one or two unaccount- 
able variations, a rise of basal metabolism was usuall} followed by a fall 
in blood cholesterol and a tendency to rise m blood proteins Some- 
times the changes in the blood weie not so rapid as those m the basal 
metabolic rate Whether Epstein’s theory that the edema in nephrosis 
IS due to deci eased blood protein, thereby allowing a free transudation of 
blood fluids into the tissues, finds confirmation heie cannot be stated, 
as the correlation between blood piotems and edema in these two cases 
is not complete enough to justify a conclusion 
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The inveise vaiiation between basal metabolism and blood cholesterol 
noted 111 these two cases has also been found in diseases of the thyroid ° 
Blood cholesterol is low m hypeithyroidism, while in myxedema it is 
high With a decrease of basal metabolism in hyperthyroidism follow- 
ing tieatment, cholesterol values also rise While the changes in 
cholesteiol may be secondaiy to the action of thyroid extract, they may 
serve as an indication of thyroid activity and the level of basal metabo- 
lism in disease of the thyroid and in nephrosis, and possibly in other 
conditions 

The etiology of the two cases of nephiosis lepoited m this article 
IS obscuie “Cold” before onset was admitted m one case, but no his- 
toiy of infection was obtainable in the other, and careful examination 
failed to reveal any foci of infection in either case Pregnancy appar- 
entl}'- did not enter into the etiology On the other hand, the beneficial 
results of thyroid treatment m such cases cannot be taken to indicate 
an etiologic relationship between thyroid deficiency and nephrosis, 
because the benefit obtained is not as complete as one would expect if it 
were a frank case of replacement glandular therapy as in myxedema 
Nevertheless, as symptomatic treatment in nephiosis, thyroid medica- 
tion IS useful and to be lecommended 

SUMMARY AND CONCLUSIONS 

1 Two cases of nephrosis are reported in which the effects of thy- 
roid medication weie obseived 

2 Thyroid theiap)^ caused rapid disappearance of edema in one 
case, and accelerated discharge of edema m the other case when this 
slackened under ordinal y eliminative treatment In both cases there was 
subjective impiovement and reduction of albuminuria The data 
obtained, however, do not wan ant the conclusion that nephrosis is 
dependent on a hypothyroid state 

3 With a rise of basal metabolism following thyroid administration, 
there was a decrease of blood cholesterol and a tendency of blood pro- 
teins to increase 



THE ARTERIOLAR LESIONS OF GLOMERULO- 
NEPHRITIS -i- 


ARTHUR M FISHBERG, MD 

NEW YORK 

It has been known since the time of Gull and Sutton that lesions 
of the arterioles are present in many cases of arterial hypertension 
In a previous communication^ I presented the lesults of a study 
of the arteriolai lesions of essential hypertension Under this 
term were included the numerous — and probably etiologically diverse — 
“cases of chronic hypertension which neither clinically nor anatomically 
can be demonstrated to have evolved from antecedent inflammatory 
disease of the kidneys oi fiom urinary obstruction ” It was concluded 
that the arteriolar lesions (artenolosclerosis) occurring in essential 
hypertension result from the increased wear and tear incidental to the 
hypertension, being a pathologic exaggeration of similar, though slighter, 
changes in the arterioles which are a physiologic accompaniment of 
advancing years 

If the view that the arteriolosclerotic lesions are the lesult of the 
hypertension is correct, it would be expected that these lesions would 
be found not only in essential hypertension but also m the other great 
group of cases of chronic hypertension, namely, diffuse glomerulo- 
nephritis, m which theie may be arterial hypertension lasting for many 
years With this m mind, the arterioles of various organs were 
examined in thirty-seven cases of diffuse glomerulonephritis in different 
stages The arteriolar lesions occurring m diffuse glomerulonephi itis 
are of four anatomically and pathogenetically distinct varieties 
(1) necrotizing arteritis, (2) endarteritis obliterans, (3) arteno- 
losclerosis and (4) hypei trophy of the muscular layer Each of these 
will be considered separately 

NECROTIZING ARTERITIS 

Acute inflammatory and necrotizing processes in the arterioles of the 
kidney in acute and subacute glomei ulonephritis have been described 
by Loehlem,^ Baehr and Sacks,^ and Jaffe ® According to Loehlein, 

From the Laboratories of the Mount Sinai Hospital 
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these acute aitenolai changes are not found in the first stage of acute 
glomeiulonephntis, but occur in severe form in from 10 to 20 per cent 
of the cases of latei acute and early subacute glomerulonephritis Slight 
aitenolai lesions are more common at this peiiod Baehi and Sacks 
found that these arteiiolar lesions aie particulaily frequent in glomerulo- 
nephritis associated with veirucous endocarditis They describe five 
such cases 

The natuie of the lesions is illustrated in the following case 

Case 1 — Htsfoty — Max S, aged 33, was admitted to the Mount Smai Hos- 
pital on March 3, complaining of fever, malaise and cough His past history was 
irrelevant His illness started on February 10 with a severe “cold in the head ” 
After suffering from sore throat, headache, chilly sensations and general weak- 
ness, he went to Bellevue Hospital, where a diagnosis of pneumonia was made 
He developed facial erysipelas while there and was discharged eleven days after 
entrance After this he was told by a physician that he had kidney trouble, 
fever and cough were still present 

E\auiiuation — On entrance the patient seemed to be acutely ill There was 
erythema of the nose, cheeks and forehead resulting from erysipelas Examina- 
tion of the organs of the head revealed acute nasopharyngitis as well as a per- 
foration of the right ear drum There were signs of consolidation at the right 
base Purpuric spots were present over the groins and feet 

The blood pressure was 104 systolic and 68 diastolic 

The specific gravity of the urine was between 1 010 and 1 018 during the 
patient s stay in the hospital Albumin was always present, increasing progres- 
snely in amount Hjahne and granular casts and white and red blood cells 
were abundant, at times the urine was macroscopically bloody 

Examination of the blood showed hemoglobin, 68 per cent, red blood cells, 
3,840,000, white blood cells, 15,600, polymorphonuclear neutrophils, 66, eosino- 
phils, 1 , 1} mphocytes, 29 , myelocytes, 2 per cent, and platelets 240,000 The 
Wassermann reaction was negative 

When the patient entered the hospital, the blood chemistry revealed urea 
nitrogen, 32 2, nonprotem nitrogen, 52 5, uric acid, 48 and creatinine 1 7 mg per 
hundred cubic centimeters The nitrogenous bodies rose progressively until the 
following figures were attained urea nitrogen, 107 8, nonprotem nitrogen, 228 4, 
uric acid, 9, and creatinine, 6 mg per hundred cubic centimeters 

The temperature was normal on admission but then rose, at times being as 
high as 104 F 

Coil) sc of Illness — The patient's course was progressively downward Signs 
of fluid in the left pleura appeared, and there was evidence of bronchopneumonia 
m the right lower lobe The purpura became widespread The patient became 
comatose, and died on March 10 

Ncciofsy — There was no edema The heart was not enlarged, weighing 360 
Gm The aorta had but a few patches of atherosclerosis, and the elasticity was 
excellent The left pleura contained 700 cc of pus There were a few broncho- 
pneuniomc patches in the lower lobes The spleen was slightly enlarged, weigh- 
ing 140 Gm 

The kidneys were greatly enlarged, weighing 760 Gm The capsule stripped 
with moderate difficulty, revealing a pale, yellowish-brown surface, speckled at 
intervals by minute hemorrhages On cut section, the parenchyma was pale yellow 
The cortical markings were totally obliterated 

Microscopically, the architecture was well preserred Most of the glomeruli 
were enlarged The capillary loops were either completely or nearly completely 
devoid of blood The number of nuclei in the tufts was greatly increased, this 
being due to the proliferation of what seemed to be endothelial nuclei There 
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were few polymorphonuclear leukocytes m the loops, and the lumens were 
largely blocked, either by the presence of an amorphous substance or by the 
swelling of the endothelial cells The cells of the parietal layer of Bowman’s 
capsule were swollen and often desquamated , in some of the glomeruli they had 
proliferated so as to form small epithelial crescents consisting of three or four 
layers of epithelial cells In Bowman’s capsule there were often desquamated 
epithelial cells, red and white blood cells and coagulated exudate There were a 
few capsular adhesions In some of the glomeruli there were granular areas of 
necrosis in which nuclear staining was absent The tubular epithelium showed 
marked regressive changes, the proximal convoluted tubules being particularly 
involved Some of the nuclei did not stain The cytoplasm was filled with 
hyline droplets The sudan stain showed numerous tiny fat droplets at the base 
of the cell The lumens of the tubules contained numerous red and white blood 
cells and casts There w^as abundant hemorrhage into some of the tubules 

The vasa afferentia w'ere often greatly dilated, sometimes having the “lake- 
like” appearance described by Loehlein In many places there were small necroses, 
the nuclei not being visible and the protoplasm stained a smudgj dark red In 
some areas the vessel wall had been infiltrated by mononuclear cells, and there 
w^ere unstained spaces between the loosened tissue elements In a few of the 
vasa afferentia the lumen was occluded by swelling of the w-alls, but this w'as 
not a marked feature There were tiny perivascular infiltrates of mononuclear 
cells around some of the vasa afferentia at their entrance into the glomeruli In 
the interlobular vessels, the chief lesion was in the media Here the muscle cells 
w^ere often separated by unstained areas The muscle cells themselves often 
appeared granular, and many of their nuclei w'ere pyknotic, some of the nuclei 
apparently did not stain 

The entire duration of the patient’s illness was one month Whether 
the glomei ulonephritis was due to the throat infection, the pneumonia 
or the eiysipelas, cannot be said The extreme seventy of the renal 
process is shown by the fact that in less than one month it led to lenal 
insufficiency and death in uremia The histologic pictuie also demon- 
strates the acuteness of the changes, only acute inflammatory, degen- 
erative and necrotizing processes weie present, and theie was no evidence 
of repair 

Of eight patients wnth severe acute difltuse glomerulonephritis 
examined, three presented acute necrotizing arteritis of the t3pe 
described in the aforementioned case In one instance associated with 
acute veriucous endocarditis (probably rheumatic), pieviously studied 
by Baehr and Sacks, the arteriolar lesions diffeied fiom those in the 
case presented in that hyaline thrombosis of the neciotized vasa affei- 
entia was the outstanding histologic finding, this thrombosis often 
extended into the glomei ular capillaries In an instance of severe 
acute glomerulonephritis supervening in a patient with marked caidiac 
hypertrophy and apparently hypertension of long standing, the changes 
in the renal arterioles were similar to those in the case described in the 
foregoing Artenolai lesions of any considerable seventy were not 
found in five cases 

The lesions in my cases were not so severe as in those of Loehlein 
In some of his cases the necrosis of the arteriolar walls was so extreme 
that tiny aneurysms were formed, and blood escaped f i om the vessel into 
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the sunounding tissvies Theie was also complete obstruction of the 
lumen by detiitus from the breakdown of the walls 

The case that I have described is of paiticulai significance for the 
pathogenesis of the aiteiiolai lesions since theie was no arteiial hyper- 
tension, as is present m most cases of seveie acute nephritis, presumably 
because the pooi general condition of the patient impaired the functional 
ability of the heart Acute aiteiiolar lesions (arteritis and arterio- 
neciosis) are theiefoie not due to the mechanical factoi of arterial 
h}pertension and must be consideied as toxic in oiigin It seems 
piobable, as Loehlem believes, that aiteiiolar lesions are to be attributed 
to the same agent that pioduces gloniei ulonephritis, the aiteriolar 
lesions being pait of the glomei ulonephritis 

It IS not known why the arteiioles of the kidney are so severely 
injured m some instances of acute glomei ulonephritis, while in the 
majority of cases the}'^ aie not impaiied Baehi and Sacks believe that 
in the cases of acute glomerulonephritis desciibed by them in which 
there were severe arteiiolar lesions associated with acute verrucous 
endocarditis, but m which no Aschoft bodies could be demonstrated, the 
virus must have been “endotheliotropic,” affecting the glomerular capil- 
laries, endocardium and renal aiteiioles Until there is more adequate 
infoimation as to the etiology of glomerulonephritis, however, these 
questions can be discussed only hypothetically 

It does not seem probable that the necrotizing arteritis of acute 
glomerulonephritis has any i elation to the arteriolar lesions found in 
chionic glomerulonephritis These acute arteriolar lesions occur, so 
far as is known, only m severe cases, and it is improbable that many 
of the patients suivive long enough for the disease to reach the chronic 
stage The arteriolar lesions of chronic nephritis occur m many cases m 
winch theie is no history of a seveie acute nephiitis of the type in which 
necrotizing arteritis is found 

Inflammatory and necrotizing lesions of the lenal aiterioles similar 
to those just described m acute nephiitis are seen on rare occasions in 
severe and rapidly progressive cases of essential hypertension Such 
cases were first described by Fahr,® who termed the condition malignant 
sclerosis Similar cases have been described by Herxheimer ^ and 
Stern ® who designated the condition as arteiiolo-necrosis These lesions 
usually occur in young adults Fain believes that these cases are of 
special etiology , he described instances due to lead, rheumatic fever and 
syphilis 

6 Fahr Ueber Nephrosclerose, Virchows Arch f path Anat 226 119, 1919 

7 Herxheimer Ueber Arteriolonekrose der Nieren, Virchows Arch f path 
Anat 251 709, 1924 

8 Stern Ueber einen besonders akut verlaufenen Fall von Arteriolonekrose 
der Nieren, Virchows Arch f path Anat 251 718, 1924 
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ARTERIOLAR LESIONS IN CHRONIC GLOMERULONEPHRITIS 

In essential hypertension the lesions of the arterioles of the kidneys 
and certain other organs are all of the type termed artei lolosclerosis, 
which IS indicated by strong evidence to be a manifestation of the 
increased strain to which the arterioles aie subjected by hypertension = 
In chronic glomerulonephritis either arteriolosclerosis or endarteritis 
obliterans may be present, the frequency of the latter lesion having 
been indicated only comparatively recently by Volhard ° When the 
pathogenesis and significance of the arteriolar lesions are considered, it 
IS necessaiy that arteriolosclerosis and endarteritis obliterans be sharply 
differentiated 

In his fundamental investigations on artei loscleiosis, Joies showed 
that there are two chief varieties of diffuse thickening of the intima of 
the arteries In the variety which he teimed hyperplastic intimal 
thickening, the basis of the intimal thickening is a hypeiplasia of the 
internal elastic membrane which splits into a number of thick inter- 
woven layers , these often undergo fatty change Hyperplastic intimal 
thickening is seen distinctly in the interlobular artei loles of the kidney 
in essential hypertension The other variety of diffuse intimal thicken- 
ing IS teimed by Jores regenerative connective tissue pioliferation of 
the intima Heie tlie basis of the intimal thickening is the proliferation 
in the intima of ordinal y (collagenous) connective tissue, the internal 
elastic membrane not becoming hypei plastic If elastic tissue is formed 
111 the intima, it is deposited in the foim of fine fibrils in the midst of 
the collagenous fibers, but the basis of the process is the formation of 
collagenous connective tissue m the intima Regenerative connective 
tissue pioliferation is the vaiiety of intimal thickening that occuis 
when a vessel is ligated and when theie is physiologic obhteiation of 
vessels, such as the umbilical vein 

Hyperplastic intimal thickening foims the anatomic basis of aiterio- 
losclerosis and aiteiiosclerosis m vessels of the size of the interlobular 
aiterioles of the kidney oi laiger, regeneiative connective tissue pio- 
hferation is the vaiiety of intimal thickening seen in endaiteiitis 
obliterans It is usually easy to diffeientiate artei lolosclerosis and 
endarteritis obhteians in vessels the size of the mteilobulai arterioles of 
the kidney in which the elastic hyperplasia in artei lolosclerosis is sti ik- 
ing, but this is sometimes more difficult oi impossible in the case of the 
vasa afferentia near their entrance into the glomeiulus In these 
arteriolosclei osis is usually manifested solely by subendothehal deposi- 
tion of hyaline substance, and precisely the same appearance can be 

9 Volhard Mohr and Staehehn’s Handbuch der inneren Medizm, Berlin 
3 1519, 1918 

10 Jores Wesen und Entwicklung der Artenosklerose, Wiesbaden, 1903 
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secondaiily pioduced in endaitentis obliteians of these tiny vessels by 
the fiequently occuning hyaline degeneration of the prohfeiated con- 
nective tissue of the intima Fatt}'’ change ina}^ occui in eithei vaiiety 
of intiinal thickening 

I have studied the aiteiiolai lesions in vaiious oigans of the body 
in twent}-nine cases of chionic diffuse glomeiulonephiitis In all these 
instances the renal piocess had been of consideiable duiation, as evi- 
denced histologically by the piesence of hyahnization of the glonieiular 
loops 01 glomeiiilai oi inteistitial fibiosis In these cases vaiious stages 
of the condition weie lepiesented, they ranged fiom some that might 
pel haps with equal jtistice have been teimed “subacute” to instances of 
secondaiy contracted kidney of many yeais’ duiation No examples of 
diffuse glomeiulonephiitis occuning in subacute bacteiial endocaiditis, 
as desciibed by Baehi and Landed’- aie included m this gioup of 
twent} -nine cases 

ENDARTERITIS OBLITERANS 

Eiidarteiitis obliteians of gieatei or less extent was present m the 
aiteiioles of the kidney in seventeen of the twenty-nine cases of chionic 
diffuse glonierulonephiitis The following case will seive as an example 
of those 111 which the endarteritis obliteians was of high degiee 

Case 2 — Hjstoiy — Helen P, aged 26, was admitted to Mount Sinai Hospital 
on November 7, complaining of nausea and vomiting of two weeks’ duration 
There was nothing noteworthj' in the personal or family history About two 
years prior to admission she became ill with a severe sore throat accompanied by 
generalized pains in the body and fever, which lasted several weeks Her tonsils 
were removed, and she felt somewhat better About a year and a half before 
entering the hospital, she had a severe dental infection requiring the extraction 
of several teeth Following this, headache and swelling of the ankles appeared, 
to which were soon added retrosternal pain, dizziness and marked weakness 
During the seven months prior to admission, she urinated three or four times a 
night Dyspnea and vomiting appeared about two months before entrance, but 
became severe during the last two weeks 

Examination — The patient was a well developed and well nourished 3 '-oung 
woman who was exceedingly restless Her breath had a urinous odor There 
was slight pretibial edema 

The heart was enlarged to the left The second sound was accentuated at 
the aortic area The pulse was of high tension, but thickening of the vessel 
wall could not be detected by palpation The blood pressure was 230 systolic, 
and 120 diastolic The urine had a specific gravity of 1 010 , albumin was present, 
as well as a few red and white blood cells, but there were no casts The blood 
chemistry was urea nitrogen 81 2, nonprotem nitrogen 129 9, uric acid 8 5, 
creatinine 7, cholesterol 176 and sugar 155 mg per hundred cubic centimeters 
Com sc of Illness — During the patient’s stay in the hospital large volumes of 
fluids were given, but despite this the daily urinary volume averaged but 25 cc 
The patient became comatose and died twelve days after entrance 

Ncciopsy—The skin was waxy white There was edema of the lower 
extremities The lungs also were somewhat edematous 


11 Baehr and Lande Glomerulonephritis as a Complication of Subacute 
Streptococcus Endocarditis, JAMA 75 789 (Sept 18) 1920 



86 


ARCHIVES OF INTERNAL MEDICINE 


The pericardium contained 500 cc of clear, straw-colored fluid There was 
a fibrinous exudate on the pericardium The heart was enormously hyper- 
trophied, weighing 790 Gm The muscle of the left ventricle was 2 cm thick, 
that of the right 5 mm 

The right kidney weighed 120 Gm It was slightly smaller than usual The 
capsule appeared opaque and gray, it stripped with some difficulty, revealing the 
slightly granular, deep reddish-brown surface of the kidney Numerous punctate 
hemorrhages were scattered over the surface of the kidney There were also a 
number of small depressions On section the kidney was firm, deep purplish 



Fig 1 (case 2) —Chronic glomerulonephritis, endarteritis obliterans com- 
pletely occluding the lumen of an interlobular arteriole There is no hyperplasia 
of the internal elastic membrane The media is rather thick 


brown and showed an irregular thinning of the cortex and a number of scattered 
hemorrhages The left kidney weighed 40 Gm and was about half the size of the 
right The ureter on this side had an anomalous implantation , otherwise, the left 
kidney was similar to the right 

Histologically, it was seen that the architecture of the kidney was severely 
disturbed Over large areas the tubules had collapsed or disappeared, and the 
interstices were filled m by granulation tissue rich in capillaries and mononuclear 
wandering cells, lymphocytes and young fibroblasts The tubular epithelium 
showed severe degenerative changes There were some islands of dilated tubules 
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lined by low epithelium, many of the tubules contained casts There were some 
hemorrhagic areas Some glomeruli were completely hyahnired and in various 
stages of shrinkage, most of the other glomeruli showed an increase m the 
number of nuclei in the tufts The loops of some of the glomeruli were devoid 
of blood, in others, numerous red cells were found The capillary walls were 
swollen and often diffusely hyalmized, particularly close to the entrance of 
the vas afferens There was little proliferation of the epithelium of Bowman’s 
capsule but some pencapsular fibrosis and capsular adhesions 

Arterial vessels of all sizes — arcuate, interlobular and afferent — showed intimal 
thickening of the endartentic type In some it was slight, m others it had gone 
on to complete obliteration The intimal thickening was largely due to the 
presence of connective tissue between the internal elastic membrane and the endo- 
thelium , there was often also endothelial proliferation in the vasa afferentia In 
most vessels the connective tissue appeared young, being rich in elongated 
nuclei , in others there were few nuclei In places, the intima showed considerable 
fatty change The internal elastic membrane was not hyperplastic, though in 
some of the vessels thin strands of elastic tissue were visible in the thickened 
intima The intimal thickening was by no means ahvays uniform around the 
vessels, so that in some the lumen was eccentric, giving the appearance often seen 
in syphilitic endarteritis of the cerebral arteries Only a few of the afferent 
arterioles showed hyalmization The medial muscle layer in most vessels 
appeared normal, in some it was thicker than usual 

The arterioles of the heart, lungs, liver and suprarenals seemed normal , 
those of the spleen were perhaps somewhat more hyaline than is usual at this age 

As mentioned, well marked endarteritis obliterans was found in the 
kidneys of seventeen of the twenty-nine patients who had chronic diffuse 
glomerulonephritis The frequency and degree of the endarteritis varied 
with the stage of the glomerulonephritis There were three groups of 
cases 

1 In the SIX cases m which the histologic observations, confirmed 
m some instances by the clinical history, showed the renal disease to 
be of comparatively recent origin, endarteritis obliterans was either 
totally absent or of but slight degree 

2 Twelve of the cases were examples of the secondary contracted 
kidney , in these there was no active inflammatory process , only the final 
results of the glomerulonephritis were to be seen in the form of extensive 
areas of connective tissue containing some completely hyalmized glom- 
eruli \Yith atrophic tubules and areas of hypertrophied functioning 
glomeruli and tubules In only three of these twelve cases was end- 
arteritis a well marked feature, and in these there was considerable 
evidence of “activity ” 

3 In the other eleven cases the patients died while the inflammatory 
process m the kidney was still active, as manifested by the presence of 
nucleai proliferation and ischemia of the glomeruli, fatty, hyaline drop- 
lets and other degenerative changes m the tubular epithelium, hemor- 
rhages, and other pathologic evidence In all of these cases endarteritis 
obliterans was piesent, in five instances being as maiked as in the case 
detailed m the foregoing, and distinct m all the others 
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In practically all of these cases, the arterioles of the heait, lungs 
liver, spleen and pancreas were examined, and in many instances numer- 
ous other organs as well, but endarteritis obliterans was found only 
in the kidney The only exception was the case of a 22 year old 
patient with secondary contracted kidney, in whom the aiteiioles of 
the heart showed well maiked connective tissue thickening of the intima 
In view of the isolated occurience of this obseivation in the many 
cases examined, it seems justifiable to attiibute it to some local cause 
Endarteritis obliterans occurring in chronic dififuse glomeiulonephritis 
seems to be entiiely confined to the aiterioles of the kidney It should 
be mentioned, howevei, that I did not have an oppoitunity to examine 
the A^essels of the letina, for Volhaid^- states that typical endaiteiitis 
obliterans identical with that found m the kidney occuis m the letinal 
arteiioles in cases of albummuiic retinitis 

What IS the origin of the endarteritis obliteians that occuis so fie- 
quently in the lenal arterioles m chionic glomeiulonephritis^ Until 
V olhard “ pointed out that the lesions ai e endai tei itic, they iv ere usually 
confused with the arterioloscleiotic changes occurring in the kidney dur- 
ing essential hypei tension As endaiteiitis obliterans is absent in essen- 
tial hypertension and is often missing in old secondary contracted 
kidneys m which hypertension is almost invai lably a dominant S} mptom. 
It cannot be the direct result of hypertension, as ai tei lolosclerosis is 
believed to be Moreovei, I have twice noted marked endarteiitis 
obliterans m cases of chronic glomerulonephritis complicating pulmonaiy 
tuberculosis in which hypertension ivas slight 

Volhard ® explains the occurience of endarteritis obliteians on the 
basis of his angiospastic theoiy of glomeiulonephritis He believes 
that a spasm of the renal arterioles causes not only the glomerular 
lesions but, if it lasts long enough, also the endarteritis as a leaction 
to the ischemia Volhard’s angiospastic theory has met with little 
support outside of his own clinic, and Fahr and others have adduced 
strong evidence against it 

That the endarteritis is not of “toxic” oiigin, as is sometimes 
vaguely stated, is rendered probable by the fact that it is confined to 
the arterioles of the kidney Endarteiitis obliteians histologically 
similar to that of chronic glomerulonephi itis is often seen in aiterioles 
in the midst of aieas of granulation tissue, as in tuberculous or chronic 
pneumonic processes in the lung While such a mechanism may be an 
accessory factor in the production of endarteritis obliterans m chronic 
glomerulonephritis, in which there is much interstitial reaction, that it 

12 Volhard Ueber die Retinitis Albummunca, Verhandl d deutsch 
Gesellsch f inn Med 33 422, 1921 

13 Fahr Zur Pathogenese der akuten Glomerulonephritis, Deutsche med 
Wchnschr 52 735 (April 30) 1926 
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3S not the primary cause of endarteritis obliterans can often be seen 
in arteries and arterioles that do not he in areas of granulation tissue but 
are sun ounded by urinary tubules 

I have shown that endarteritis obliterans is not found in acute or 
early chronic glomerulonephritis, but occurs predominantly in cases 
in which, though they have lasted for several years, active destruction 
of glomeruli and tubules is still m progress In these cases there is 
obviously great obstruction to or complete blockage of the blood cur- 
rent by the inflammatory process in the glomeruli Since Thoma 
made his experiments, it is well known that when an artery is ligated or 
the blood stream otherwise slowed, endarteritis obliterans gradually 
appeals, both proximal and distal to the ligature, and consists of con- 
nective tissue proliferation in the intima without hypeiplasia of the 
internal elastic membrane This is similar to the endarteritis that occurs 
n\ chronic glomerulonephritis, and it would seem that the cause of the 
endarteritis m this condition is akin to that in ligation experiments, 
namely, obstruction to the flow of blood Endarteritis is not found in 
the renal aitenoles m essential hypertension, because the arteriole is 
fiist thickened by artenolosclerosis with subsequent destruction of the 
glomerulus, while in glomerulonephritis the glomerulus is first injured, 
and the arteriolar changes follow 

The dependence of the artenolar lesions on glomerular obliteration 
also explains wh) they are confined to the arterioles of the kidney 
and are absent in other organs It further accounts for the frequent 
absence or minimal degree of endarteritis obliterans m most old cases 
of secondary contracted kidney The glomeruli which become hyahzed 
as the outcome of the inflammatory process gradually disappear com- 
pletely This can be seen m sections from some cases of chronic 
glomerulonephritis in which hyaline spheres representing obliterated 
glomeruli are found m sizes, varying from the size of normal glomeruli 
to tiny rests In extreme examples of secondary contraction of the 
kidney (m one of my cases both kidneys weighed only 65 Gm ), it is 
obvious that b}^ far the greater portion of the original glomeruli must 
have disappeared completely The same fate must have befallen the 
arterioles leading to them, after closure by endartentic intimal thicken- 
ing Intermediar} stages of this process are to be observed m old cases 
of chronic glomerulonephritis, m which arterioles are often seen with 
the lumen completely closed by endarteritis and the originally thick 
medial muscle layer also being compromised on the other side by the 
surrounding granulation tissue 

14 Thoma Das Verhalten der Artenen m Amputationsstuempfen, Virchows 
Arch f path Anat 95 294, 1884 
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It was mentioned in the foiegoing that, according to Volhard, end- 
arteritis obliterans occurs also in the retinal arteiioles in albuminuiic 
retinitis, which this authoi believes to be of angiospastic oiigin He 
considers the ischemia produced by the angiospasm as the cause of both 
the retinal and the aiteiiolar lesions It is inteiesting to note, however, 
that Lebei,’^® who has made the most exhaustive histologic studies of 
albuminuiic retinitis, regaids the endarteritis as secondary to the retinal 
changes, just as I consider the endaiteritis m the renal arterioles sec- 
ondai > to the glomerular lesions 

ARTERIOLOSCLEROSIS 

The histologic changes of essential hypei tension weie described in 
the foiegoing In a study - of seventy-two cases of essential hyperten- 
sion, I found that in this condition the arteriosclei otic lesions are essen- 
tially identical m the oigans m which they occur and have a chaiactenstic 
distribution They aie always piesent in the kidney, having been fouhd 
m every one of the seventy-two cases of essential hypei tension men- 
tioned The splenic arteiioles are affected in about two thirds of the cases, 
the pancreatic in about one half, the hepatic in less than one thud and 
the cerebral in about one fifth When lesions are present in the arterioles 
of these organs they are usually not neaily so maiked as m the kidney 
The terminal arterioles of the skin, skeletal muscles, myocaidium, lungs, 
gastro-intestinal tiact and thyroid aie laiely involved, and then only to 
an insignificant extent 

I have found that arterioloscleiosis having the same distiibution as 
that just desciibed as essential hypei tension occuis also in chronic 
glomei ulonephi itis Similar obseivations have recently been leported 
by Blanch and Lindei,^® who noted lesions of the aiterioles in six of 
seven young nephiitic patients who died of uremia The following 
case illustrates severe arteriolosclerosis in chronic glomei ulonephritis 

Case 3 — History — lacob L, aged 39, entered Mount Sinai Hospital on April 
12, complaining of ^pistaxis, vertigo and dj’^spnea Twenty jears previously, he 
had been told by a phj’-sician that he had kidney trouble A year ago he was 
in Mount Sinai Hospital because of hemiplegia on the left side, which cleared up 
almost entirely For three weeks prior to admission the patient noticed that he 
was getting weaker, he was dyspneic and often dizzy and had several epistaxes 
He also noted diminution m the acuity of vision 

Examination — The patient was well developed and well nourished His 
breath had a urinous odor Albuminuric retinitis was present The heart was 
enlarged to the left, the first sound booming at the apex and the second sound 
accentuated and metallic at the aortic area The radial arteries felt sclerosed and 


15 Leber Graefe-Saemisch-Hess’s Handbuch der gesamten Augenheilkunde, 
ed 2, Leipzig, 7 803, 1915 

16 Branch and Linder The Association of Generalized Arteriolar Sclerosis 
with High Blood Pressure and Cardiac Hypertrophy in Chronic Nephritis, 
J Clin Investigation 3 299 (Dec 20) 1926 



FJSHBERG— GLOMERULONEPHRITIS 


91 


tortuous The blood pressure was 180 systolic and 110 diastolic The urine con- 
tained a large amount of albumin and a few casts 

On entrance to the hospital the blood chemistry was urea nitrogen, 105 , uric 
acid, 6, and creatinine, 7 6 mg per hundred cubic centimeters This rose to 
urea nitrogen, 135, nonprotein nitrogen, 191, uric acid, 11, and creatinine, 16 mg 
per hundred cubic centimeters Phenolsulphonphthalein excretion was almost 
nil in two hours 

The patient became drowsy, gradually comatose, developed pericarditis and 
died with pulmonary edema on May 10 



Fig 2 (case 3)i — Chronic glomerulonephritis in the stage of the secondary 
contracted kidney Arteriolosclerosis of an interlobular arteriole There is great 
hyperplasia of the internal elastic membrane The media shows atrophic changes 


Neaopsy — There was fibrinous pericarditis The left ventricle was greatly 
hypertrophied, the muscle being 2 cm in thickness The right ventricle was also 
hypertrophied 

The right kidney was contracted The capsule stripped with great difficulty, 
revealing a pale, finely granular surface On section it was seen that the cortex 
was greatly thinned and the markings practically obliterated The kidney sub- 
stance was firm and generally pale yellowish-brown The left kidney was m the 
pelvis to the left of the sacrum It was supplied by an anomalous branch arising 
from the aorta 3 cc above the bifurcation It was smaller than the right kidney 
but otherwise similar 
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Microscopically, no normal kidney tissue was seen The kidney was almost 
entirely made up of large, irregular tubules lined by low epithelium and areas 
of edematous connective tissue infiltrated by numerous mononuclear cells Only 
a few glomeruli were to be seen, and these showed nuclear proliferation and 
hyalmization of capillary loops It seems astonishing that the excretory functions 
could have been carried on with so little renal parenchyma 

The arteries of all sizes were severel}' damaged In most the intima was 
greatly thickened, sometimes to obliteration The vasa afferentia showed hyalini- 
zation of the intima, which in many places had undergone fatty change The 
interlobular and some afferent arterioles showed hyperplasia of the internal 
elastic membrane, so that interlacing strands of elastic tissue were to be seen 
Between the elastic fibers there was a granular ground substance m ^\hlch there 
were fe\\ nuclei There was considerable fatty change in the intima A few 
vessels showed thickening of the connective tissue of the intima, but this was not 
of high degree The media was severely injured in vessels of all sizes In some 
vessels it was still fairly thick, but there was a severe degenerative process of the 
muscle fibers, which appeared granular and often exliibited irregular or absent 
nuclear staining Sometimes there were unstained spaces between the muscle 
fibers and irregular areas of fibrosis In the majority of \essels the musculans 
was greatly and irregularly thinned, so that in some places tlicre was no muscle 
outside of the thickened intima These atrophic and degenerative changes of 
the media were present m some vessels in which the intimal change was minimal 
The arterioles m the heart muscle of a size corresponding to the afferent and 
interlobular arterioles of the kidney appeared normal Se%ere artenolosclerosis 
was present in the arterioles of the pancreas and spleen, a lesser degree in those 
of the liver and suprarenals The artenolosclerosis m tlfe pancreas w'as as 
marked as is seen in essential hypertension, m one of the pancreatic arterioles 
the intima was calcified, a rare obscrration in artenolosclerosis 

Aiteiiolosdeiosis was not found in any of the cases m the earlier 
stages of chronic glomerulonephi itis It tvas piesent in several of the 
moderately advanced cases, but to a mild degree In all twelve cases 
of chronic glomerulonephi itis m its final stage, the secondar}-- con- 
tracted kidney, artenolosclerosis was piesent In some, the arteiiolo- 
sclerosis was as severe as is found in essential h)pei tension of many 
years’ duration, while in others it was much less maiked 

It was found, moreover, that in these instances of chionic glomerulo- 
nephritis the distiibution of the aiteiioloscleiotic lesions was the same as 
that found in essential hypei tension That is, the lesions weie always 
most seveie in the kidney, the splenic and pancieatic aiteiioles weie 
next most frequently and seveiely involved, and the hvei, supiarenals 
and brain not so frequently The aiterioles of the heait and lungs 
(with the exception of the lungs in one case in which theie was initial 
stenosis) were only slightly involved, in the large majority of cases 
they were not affected The single case in which endarteiitis obliterans 
was present m the smaller radicals m the heart has been mentioned 
The vessels of the gastro-intestmal tract, skin, voluntary muscles and 
thyroid, which were examined in a few cases, did not show any piomi- 
nent lesions, usually being totally spaied 

It is seen, then, that arteriolosclei osis identical in the stiuctuie and 
distribution of the lesions with that found in essential Itypei tension 
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occuis m cases of glomeiulonephiitis of long standing Aiteuoloscleiosis 
IS not seen in eaily glomeiulonephiitis, and is but slight oi absent in 
cases that have lasted but a few years, as in case 2 

The fact that aiteiioloscleiotic lesions are found in cases of 
glomeiulonephiitis of long standing is stiong evidence in favoi of the 
view that these lesions aie caused by arteiial hypei tension , foi they 
aie not found in eail}'' cases in which hypei tension is alieady piesent, 
and usually aheady maximal, appealing only in the couise of yeais, 
dining which time the hypei tension has peisisted It seems difficult to 
inteipiet these facts in any othei way than that the hypei tension causes 
the aiteuoloscleiosis Aiteuoloscleiosis is thus a manifestation of long 
continued 113^101 tension, whatevei the oiigin of the lattei In a previous 
communication,- the fact was emphasized that aiterioloscleiotic changes 
of inaiked degiee in the spleen and of 1 datively slight extent in the 
kidne}'' aie a physiologic accompaniment of advancing yeais, and that 
the aiteuoloscleiosis of essential Itypei tension is to be legaided as a 
pathologic exaggeiation of these ph3^siologic changes lesulting fiom the 
inci eased weai and tear of the hypei tension The occuiience in chionic 
glomeiulonephiitis of ai tei lolosclerosis identical m stiuctuie and dis- 
tiibution with that of essential hypertension is added suppoit foi this 
view Aiteuoloscleiosis is thus a histologic symptom of chionic 
aiteiial hypei tension 

The occuiience of maiked ai teriolosclei osis in chionic glomeiulo- 
nephiitis must have deleteiious consequences for the lenal paienchyma, 
just as It does 111 essential hypei tension Volhaid believes that endaitei- 
itis obhteians is lesponsible foi the piogiession of the lenal process 
in maii)^ cases of chionic glomeiulonephiitis Howevei, endarteiitis 
obhteians is piobably only of secondaiy importance in this diiection, 
for the affected vessels aie those which lead to glomeruli that are aheady 
functionally incapacitated Aiteuoloscleiosis, on the contrary, may 
affect vessels leading to intact glomeruli and lead to their destiuction by 
cutting off the blood supply, precisely as occuis in essential hypertension 
It seems piobable that the ai tenolosclerosis lesulting from the hj^pei- 
tension is partially lesponsible foi the final renal insufficiency in many 
patients with secondaiy conti acted kidney who die of uieinia after many 
yeais of hypei tension with intact lenal function The arterioloscleiosis 
adds the coup de giace, so to speak to the damage aheady wrought 
by the nephritic pi ocess 

MUSCULAR HYPERTROPHY 

The existence of hypei tiophy of the muscularis of the aiterioles was 
first maintained by Johnson Johnson’s observations on medial muscu- 

17 Johnson On Certain Points m the Anatomy and Pathology of Bright’s 
Disease, Tr Medico-Chir Soc Edinburgh 51 57, 1^8 
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lar hypei trophy weie later supported by the measurements of Ewald 
Subsequently, however, Joies^® pointed out that it is difficult to ascer- 
tain with certainty the thickness of the medial muscle because of possible 
postmoitem conti action and other factois That there is an actual 
medial hypertiophy has been leaffiimed by Volhard,^" who has also 
noted the absence of musculai hypertrophy m essential hypei tension 
Baehr has made similar observations 

My obseivations on the muscular coat of the aiterioles of the kidney 
m glomerulonephritis are as follows Neither in acute noi in the 
early stages of chionic glomei ulonephritis aie any changes m the medial 
musculature to be observed — with the exception of the necroses seen m 
some cases of severe acute glomerulonephiitis as part of the necrotizing 
arteritis discussed m the first section In most cases of chionic 
glomerulonephiitis of seveial yeais’ duration, however, theie is present 
a thickening of the medial muscle layer which is often maiked and 
best seen in the interlobulai and aicuate aiteiioles The following 
case IS an example 

C^SE 4 — History — Louis F, aged 14, entered Mount Sinai Hospital for the 
first time on Jan 22, 1921 Two weeks before he had suffered from sore throat 
which had kept him in bed a week Two da^s later the sore throat recurred, and 
with it appeared swelling of the face and hematuria On admission he %%as 
found to have the classical picture of acute diffuse glomerulonephritis \Mth 
edema of the face, hypertension (180 sj'stohc blood pressure and 100 diastolic), 
albuminuria, hematuria, and retention of nitrogen (urea nitrogen 602 mg per 
hundred cubic centimeters) During his staj in the hospital, which lasted two 
months, he had three convulsive seizures He w’as discharged feeling well 
During the next four years he W'ent to school and W'orked In Januarj, 1925, he 
reentered the hospital complaining of headache of two weeks’ duration and 
nausea and vomiting for the past tw’O days His blood pressure wms 
214 systolic and 160 diastolic, and he had retention of nitrogen He died of 
uremia ten days after admission In connection w’lth the necropsv observations. 
It is interesting to note that Dr Eli Moschcowitz, wdio had the patient under 
observation for a prolonged period, and to w'hom I am indebted for the clinical 
data, recognized that the evident thickening of the radial arteries was not due to 
sclerosis but to muscular hypertrophy and hypertonus 

Neaopsy — The heart was greatly enlarged, w'eighing 600 Gm Hjpertrophy 
of the left ventricle was particularly marked 

The left kidney weighed 80 Gm , the right 100 Gm The capsule stripped 
with difficulty, exposing a finely granular, yellowish-brown, mottled surface, 
dotted here and there with fresh hemorrhages The cortical markings were 
completely obscured The structural arrangement of the kidnej was severely 
disturbed Large areas of granulation tissue were seen The tubules were mostly 
collapsed and contained casts , their epithelia showed various degenerative changes 
There were islands of enormously dilated and irregularly shaped tubules, showing 
efforts at regeneration No normal glomeruli were to be seen Most of them 

18 Ewald Ueber die Veraenderungen klemer Gefaesse bei Morbus Bnghtii, 
Virchows Arch f path Anat 71 453, 1877 

19 Jores Ueber die Arteriosklerose der kleinen Organarterien, Virchows 
Arch f path Anat 178 374, 1904 

20 Baehr, George Personal communication to the author 
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showed nuclear proliferation and blocking of the capillary loops Some were 
completely hyalimzed There was hemorrhage into Bowman’s capsule in a few, 
others showing capsular adhesions There W'ere no epithelial crescents 

Most of the interlobular and some of the afferent arterioles showed endarte- 
ritis obliterans, which in some was so marked as to close the vessel completely 
The newly formed intimal connective tissue was rich m nuclei , in some i essels 
it was fatty The elastica was normal in most vessels, in some there \\as slight 
h 3 '^perplasia Many of the vasa afferentia showed marked hyalimzation 



Fig 3 (case 4) — Chronic glomerulonephritis, interlobular arteriole showing 
medial hypertrophy in the absence of marked mtimal thickening 


On first examination of the section under low^ power magnification, many of 
the arterioles were strikingly prominent This w^as due to the presence of a 
thick medial muscular layer, which was seen by comparison wnth similar sections 
of normal kidneys to be much thicker than usual The thickening of the media 
was entirely muscular, the muscle cells lying close to one another without any 
fibrosis The muscular thickening was best seen m the interlobular arterioles, 
but was also plain in the larger and smaller vessels It w^as present in vessels 
with endarteritis obliterans as w'ell as in a few^ without marked intimal thickening 
The arterioles of the heart, lungs, liver and spleen appeared normal Some 
arterioles of the suprarenals seemed to have unusually thick medial muscle but 
this was not certain 
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In some cases of old secondary conti acted kidney the arterioles 
have a thick muscularis, but in others it is distinctly atrophied Both 
hypertiophy and atiophy may be seen m diffeient vessels of such a 
kidney, and sometimes it can be obseived that a thick muscular layer 
IS undergoing atrophy m places The atiophy of the muscle m these 
cases IS usually seen wheie theie is well inaiked aiteriolosclerosis In 
some vessels the atiophy is so maiked that there remains only a thin layer 
of muscle cells outside of the thickened intima, and m places even this 
thin layei may be totally lacking 

The h}pertiophy of the artenolai muscle layei in the kidney is 
most cases of chionic glomerulonephiitis of several yeais’ duration but 
still “active” IS m diiect contrast to the obseivations in essential hyper- 
tension 111 which atrophy of the medial muscle is the rule Volhard 
believes that this medial hypertrophy is a manifestation of increased 
tonus of the lenal arteiioles m glomerulonephiitis It is interesting 
that when chronic glomerulonephritis lasts for many yeais and reaches 
the stage of secondar}’’ conti acted kidney, the medial muscle ati opines 
As these patients usually have aiteiioloscleiosis, the same “anatomical 
picture” of the arteiioles as in essential hypertension is often jiresent — 
aiteriolosclerosis plus medial atrophy It would thus seem that the eftect 
of long continued hypertension is to produce finally medial atiophy as 
well as artenoloscleiosis 

Definite hypertrophy of the media of the arterioles in organs other 
than the kidney was not found, though in isolated instances there were 
uncertain indications of it The retina Avas not examined in any of the 
cases, however, Volhard states that medial hypertrophy is found in 
patients with albuminuiic letinitis, the large vessels were not studied, 
but It IS knoAvn that heie also medial hypertiophy may be present 
(Fischer and Schlayei,-^ Moschcowitz --) Medial hypertiophy and 
increased tonus of the medial muscle aie responsible for the impression 
of thickening given to the palpating fingei by the radial artery m many 
cases of glomerulonephritis m which aiteriosclerosis is absent This 
condition has been teimed pseudoartenoscleiosis by Moschcowitz 

SUMMARY 

The arterioles of various organs Aveie studied in thiity-seven cases of 
diffuse glomerulonephi itis 

The arteriolar lesions of diffuse glomerulonephiitis aie of four 
histologically and pathogenetically distinct A^arieties 

1 Acute neciotizmg arteritis was found in the renal arterioles m 
three of eight patients dying during the acute stage of diffuse glomeiulo- 

21 Fischer and Schlayer Die Artenosklerose und Fuehlbarkeit der Artenen- 
wand Deutsches Arch f khn Med 97 230, 1909 

22 Moschcowitz Personal communication to the author 
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iiephiitis These lesions aie piobably of the same (toxic oiigm as 
the gloiiiei ular lesions 

2 Endarteiitis obhteians was present in seventeen of twenty -nine 
cases of chionic diffuse glomei ulonephi itis in various stages Endaitei- 
itis obhteians was not found in the eaily stages oi often in the end 
stage (secondaiy conti acted kidney) it occuired piedominantly in 
those patients who succumbed aftei the process had lasted foi some 
yeais, but while the inflammatory piocess in the glomei uh was still 
active The histology of the lesion is identical with that seen when 
an aiteiy is ligated, and the opinion is advanced that the endaiteiitis 
obliterans is due to the glomei ulai lesion blocking the blood cm i ent 

3 Arteiioloscleiosis similar in histology and distiibution of the 
lesions to that found m essential hypei tension was piesent in all twelve 
cases of secondary contracted kidney It was not found in early cases 
and was of but slight degiee m the model ately advanced cases The 
occurrence of aiteiioloscleiosis is con elated with hypei tension of long 
duration 

4 Musculai hj^pei trophy m the media of the lenal arteiioles was 
well maiked m many cases of chionic glomerulonephritis of consideiable 
duration but still “active” It was not found in the eaily stages In 
cases of secondaiy contracted kidney of many years’ duiation the medial 
muscle usually atrophies as it does m essential hypertension 

5 The fact that aiteiioloscleiosis of the same histology and distn- 
bution as that found in essential hypertension occurs m chionic 
glomerulonephritis of long duiation is stiong added evidence that this 
lesion IS a consequence of the hypertension 



MULTIPLE MYELOMA 

WITH REPORT or A CASE 
THOMAS I CHARLTON, MD 

SAVANNAH, GA 

Multiple myeloma is a disease of the bone marrow characterized 
by the appearance of multiple focal lesions which exhibit certain neo- 
plastic properties The histologic pictuie is that of a proliferation of 
appal ently some one cell of the marrow, but the histogenetic identity 
is still unsolved Metastases have been reported but are rare Bence- 
Jones protein in the mine is a frequent accompaniment All cases 
reported have terminated fatally, usually after having run a slow, 
progiessive course 

The first case of this disease reported was that of Mclntre, in 
1850, under the term molhties ossium In 1867, Wever reported 
another case Von Rustisky in 1873, first recognized the involvement 
of the bone marrow and gave it the name it now bears, multiple myeloma 
In 1905, Wood was able to collect only thiity instances of this disease, ^ 
fifty had been collected in 1912, and a hundred by 1920 Since then 
the total has been raised to 140- This lapid increase during the past 
few years is not believed to be due to an increase in incidence but to 
the advent of the roentgen ray which facilitates diagnosis, and without 
which m some cases the disease would not be recognized Sixty per 
cent of the cases reported occurred m persons between 40 and 60 years 
of age, but the extreme ages recorded are 24 and 69 years ® This 
disease occurs more commonly in men than it does in women men, 
76 per cent, women, 24 pei cent The reason foi the predominance 
in men is not known 

The origin of the cells of multiple myeloma has been much dis- 
cussed, and at present few authorities are in accord concerning their 
derivation It is geneially accepted that they arise from cells in the 
bone marrow, because it is here that the tumor is found As the 
name implies, the foci of origin aie multiple, and the distribution of 
the growth throughout the bones is widespread Ewing,® reviewing 
the work of other obseivers, classifies them into four t 3 ^pes (1) plasmo- 
cytoma, (2) erythroblastoma , (3) myelocjToma, adult and embiyonal. 

From the Second Medical Division, New York Hospital, New York 

1 Wood Chemical and Microscopic Diagnosis, New York, D Appleton & 
Co, 1905 

2 Newburn and Vango Canad M A J 15 502 (May) 1925 

3 Ewing Neoplastic Disease, ed 2, Philadelphia, W B Saunders Company, 
1922, p 292 
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and (4) lymphocytoma He thinks that each shows distinct types 
of cells and not varying phases of anaplasia Vance says “While 
the clinical and pathological features of the cases of multiple myelomata 
aie remarkably similai, a vaiiety of types of multiple myeloma have 
been distinguished on the basis of the histological charactei istics of 
the tumoi cells There is no doubt, however, that these cells, diverse 
as they are, aie derivatives of the undifferentiated cell of the bone 
manow oi the myeloblast which is the ancestor of both leucocyte and 
eiythrocyte ” He supports this claim with the fact that cells of multiple 
myeloma almost always lesemble certain elements of normal marrow 

Aluch work has been done in the attempt to piove whether these 
cells belong to the m 3 '^elocytic series Normal myelocytic cells should 
show gianules, and many woikers have attempted to demonstiate these 
granules m multiple myeloma Beck and McCleary “ wei e able to 
show oxydase granules m the plasma cells m one case of plasmocytoma 
Most other authorities have not been able to confirm this McConnell ° 
believes that plasma cells are young myelocytes not matin e enough to 
give the oxydase reaction 

Some considei these tumors m the light of an infectious process or 
gianuloma because of the slow progress of the disease, and because the 
type of cell found ni the plasma cell type at least, is seen m chronic 
infection If this be true, one would expect the reaction to be a 
lymphocytic one This agrees with the belief held by some writers 
that plasma cells are derived from lymphocytes Kingsley, Unna and 
others ^ support the infectious theory They believe that plasma cells 
are derived “directly from connective tissue fibroblasts or indirectly 
from histogenous lymphoid cells which themselves are derived from 
fibroblasts ” If it be assumed that the plasma cells m multiple myeloma 
are the same as those found normally and pathologically, then they are 
the result of a specific cell reaction There is some evidence to prove 
that all multiple myelomas are derived from plasma cells of bone marrow 
origin Alallory ® states 

The cell type of this tumor has not been determined Evidently it does not 
belong to the myeloblastic series because it does not differentiate like them 
Moreover the myeloma is never associated with myelogenous leukemia The only 
other cells peculiar to the bone marrow are the erythroblast and the megakaryo- 
cyte Possibly it arises from one of these cells It is claimed by some writers 
that there exists in the bone marrow another peculiar kind of cell which they call 
the bone marrow plasma cell, and that from it this tumor arises 

4 Vance Am J M Sc 152 693, 1916 

5 Beck and McCleary Multiple Myeloma with Bone Marrow Plasma Cells 
in the Blood, J A M A 72 480 (Feb 15) 1919 

6 McConnell Am J M Sc 165 184, 1923 

7 Kingsley Anat Record 29 1 (Nov ) 1924 

8 Mallory Pathologic Histology, Philadelphia, W B Saunders Company, 
1914, p 338 
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Bailey® states definitely that a plasma cell is found in noimal bone 
mairow In Chiistian’s eight cases of multiple myeloma he found 
them all of plasma cell oiigin He says, “The cases studied side by 
side and in compaiison with bone maiiow cells leave the impiession that 
we have in these tumors a development fiom ceitain bone mairow cells 
which I have consideied to be bone maiiow plasma cells Whethei 
this be tiue foi all lepoited cases is exceedingly difficult to sa} Possibl} 
some cases have to be considei ed as exceptions ” W ilhams points 
out that 

Further research may show that the differences in tiie tjpe are more apparent 
than real and are the result of differences m fixation, staining, and description or 
perhaps in degree of anaplasia The problem is further complicated b} the fact 
that the exact microscopic characters of the plasma cells are keenly disputed, while 
their occurrence in normal bone is not unnersallj recognised 

Gloss pathologic examination shows aieas of soft oi firm tumor tis- 
sue scatteied thioughout the mairow of the bones Those most commonK 
iiwolved aie the flat bones, the sternum and the iibs, in which blood 
formation is most active These aieas Aaiy in coloi from giay to led, 
depending on the amount of blood in them The masses of tumoi tissue 
may be small and disci ete or laige and confluent The tumor appeals to 
rise fiom multiple foci, and the mvohement is usually widespiead It is 
by piessure on the sunounding bone that the tumoi causes absorption, 
and this explains its lagged appeal ance m the loentgenogiams The 
tumor cells in themselves have no leal bone destioymg pioperh, noi 
have they the powei to foini new bone In this lespect they differ 
fiom the cells of osteogenic sarcoma Sometimes the tumor breaks 
through the periosteum and invades the sunounding tissue, giving the 
bone a nodulai appearance 

Bence-Jones piotein is found m the mine in about 80 per cent of 
the cases of multiple myeloma, and it is by this finding that mam 
instances are first recognized It is not pathognomonic of the disease, 
for it IS occasionally piesent in other pathologic conditions of the bone 
or marrow, such as lymphosarcoma, osteomalacia, leukemia, m 3 ’-xedema 
and caicinomatous metastases This protein was fiist described by 
Bence-Jones in 1847, who consideied his case as one of molhties ossium 
rubra At first this substance was thought to be moie of the nature of 
an albumose, but now it is held to be a tiue piotein, yielding char- 
acteristic amino-acids on hydrolysis The origin of Bence-Jones pro- 
tein IS not known Characteristic lesions aie not seen in the kidnevs 

9 Bailey Textbook of Histology, ed 6, New \ork, William Wood & Co, 
1920, p 199 

10 Christian J Exper Med 9 325, 1907 

11 Williams, O T, and others Lancet 2 1403, 1910 

12 Boggs and Guthrie Am J M Sc 144 803, 1912 
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either grossly or microscopically Some of the theories are that it 
IS due to (1) rapid destruction of bone by neoplasm, (2) the action 
of an enzjTOe of the tumoi cells on the proteins in the blood, (3) a 
pecuhai secretion or degeneration product of the myeloma cells The 
chai actei istic featuie of this protein is that when its solution is heated 
in an acid medium at as low a temperature as 45 C , a turbidity is noted 
At f 10111 50 to 55 C a flocculent precipitate forms which adheres to 
the side of the tube Above 60 C the precipitate begins to disappear 
and on boiling completely disappeais When the solution is cooled, it 
reappears The leactioii is often concealed somewhat by the siiiiul- 
taneous piesence of seium albunim Bence-Jones protein may occur in 
a specimen of urine constantly or intermittently In some cases the 
protein has been known to be piecipitated spontaneously shoitl}'- after 
being passed Bayne-Jones and Wilson found that theie were diffei- 
ences between Bence-Jones piotein and the proteins of human serums 
and also between piepaiatioiis of Bence-Jones piotein from vaiious 
souices Their specimens of Bence-Jones protein weie all the same 
legal ding then phases of coagulation and solution by heat m an acid 
medium, yet their physical pioperties differed much, as did their 
immunologic leactions These differences were so inaiked that they 
regal ded the so-called “Bence-Jones body” as a group of similai but 
not identical substances, and lefei to the group as the Bence-Jones 
proteins This immunologic diffeience was confiimed by studies made 
m the New Yoik Hospital 

The blood picture is usuall} that of a progiessive secondary anemia 
The white cells lange from five to fifteen thousand Abnormal cells 
have seldom been lepoited In a case described by Beck and McCIeai} ^ 
a blood smeai showed 6 6 pei cent plasma cells, and latei at autopsy 
the same type of cell was found in the tumor In a case leported by 
Ellei inaiin the blood picture was that of a leukemia There weie 
many nucleated eiythrocytes in a case leported by Jochman and 
Schumm At tunes, anemia is the dominating feature, and it resembles 
that of the pernicious type m a few cases In the case that is reported 
m this aiticie there are some points that seem to indicate that the anemia 
is due to an increased destiuction of eiythiocytes, namely, an icteric 
index of 10 6, and the hemosideiosis m the liver and spleen These 
conditions do not occur in a simple anemia 

The blood in these cases is, as a rule, not associated with a diminished 
calcium content but with a lather high one Blatherwick found in 

13 Bayne-Jonos and Wilson Bull Johns Hopkins Hosp 33 37 (Feb ) 1922 

14 Ellermann v Myelomas with Leukemic Blood Picture, Ugesk f Laeger 
85 SOI (July 19) 1923 

15 Jochman and Schumm Ztschr f klin Med , vol 46, 1902 

16 Blatherwick Am J M Sc 151 432, 1916 
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Ills case that the analysis of the feces and urine showed an abnormally 
high excretion of calcium In the case which is being leported the 
patient was able to produce a consideiable callus foimation aiound hei 
fiactures, and at autopsy a pait of the aorta showed marked calcification 
Micioscopically areas of calcification were found also in the kidneys 
In his case McConnell® reports the piesence of calcification in the 
heart, lungs, kidneys, spleen and pancreas He explains this as a lesult 
of the growth of the tumor with the lesulting destiuction of bone 
which causes a laige amount of calcium to be hbeiated The calcium 
IS earned in the circulation and deposited m the different organs, par- 
ticularly in the walls of vessels 

The onset of this disease is usually insidious and has piogressed 
extensively befoie it is lecognized Theie are seveial ways b)'’ which 
attention is first attracted to it, namely (1) pain of a dull, boring 
nature which is fiequently made worse by piessure, (2) a pathologic 
fracture, when this occurs in the vertebiae, a marked kyphosis may 
lesult, (3) paraplegia or a neuiologic disturbance most frequently of 
the lower extremities, which lesults from destiuction of the veitebrae 
with pressure on the cord or spinal nerves, and (4) accidental finding 
of Bence-Jones protein m the urine during a loutine urinal} sis Piobably 
the commonest eaily symptom is the dull boring pain over the chest 
and back, which seems to be due to pressure of the tumor on the 
peiiosteum When the cianium is involved, headache is a symptom 
Pain in various organs and in the intestines has been described, the pain 
being of a referred nature and due to pressure on the spinal nerves 
A progressive anemia is one of the most striking features of this dis- 
ease, and It IS associated with more or less cachexia Fever may or 
may not be present and is never extremely marked Metastases rarely 
occur in the organs, and if they do occur, they aie not likely to give 
rise to symptoms In some cases the spleen is enlarged, but this is not 
a common observation, the spleen usually being of normal size There 
IS an increasing loss of weight and a general progressive weakness, 
so that finally the patient becomes bedridden The course of the disease 
varies much Some fulminating cases terminate in a few months, while 
others pursue a slow course over many years Remissions may occur, 
but there is not a case on record in which the disease has been stopped 
or even checked Intercurrent infections frequently are fatal befoie 
the disease has run its course 

The differential diagnosis, especially in the eaily stages of the disease, 
is not easy The condition may simulate pernicious anemia paiticularly 
when cord symptoms are present From piessure on the spinal nerves 
sharp pains m the thighs arise which make one think of tabes dorsalis 
Pott’s disease is hard to eliminate when the vertebral column is eioded 
and the cord compressed Pathologic fractuies may occur with saicoma 
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of boii 6 01 metastatic caiciiioina, so thei are not pathognomonic 
Gastro-mtestmal caicmoma must be considered on account of the 
cachexia, geneial weakness and loss ot weight The pain o\er the 
chest IS not much diffeient from that caused by eioding aneunsms 
Osteomalacia is the condition hardest to differentiate, and it was with 
this disease that multiple mielonia was fiist confused The}* both mai 
give the same blood pictuie and both show' Bence-Jones protein in the 
urine The clinical couise is often similai Howeiei, osteomalacia 
occuis moie commonly m women, while multiple mieloma is moie fie- 
queiith tound in men The loentgen-rai obsen ations in both conditions 
aie definite and serie to diffeientiate them Most of these confusing 
conditions can be ruled out b} finding Bence-Jones protein in the urine, 
by the blood picture and b\' the s)'mptoms and general clinical condition 
of the patient, but the diagnosis can be made definitely only b} aid of 
the roentgen lai or b} biops} The roentgen-iay obseivations are 
charactei istic, the bone showing numeious small discrete areas of rare- 
faction w'lth a ragged motheaten outline This is due to pressure of 
the nodules wdiich causes an iriegulai absorption of the bone As a rule, 
the cortex is not destro} ed 

The tieatment of this disease, like that of most other malignant 
tumors, IS not satis factoii In none of the cases leported has the 
grow'th been checked oi stopped Roentgen-iai therap}* and the Alpine 
lamp seem to ameliorate the S)mptoms Iron and arsenic such as are 
used in secondary anemia usuall)' do not give sti iking results [Much 
care has to be taken in the nursing of these patients because of the 
ease wnth which pathologic fractures occui 

REPORT OF CASE 

History — The patient was a German woman, aged 57, Avho had Ined in this 
countrj since she was 18 jears old Her occupation had been packing tobacco 
She was married for many a ears but had not had am children She had enjoied 
perfect health until five months before being admitted to the hospital Her famih 
historj- was negative Fi\e months before admission the patient had had a sudden 
attack of pain in the lumbar region This pain became constant, and the patient 
w'as told she had lumbago Her back was strapped, and m the course of six weeks 
the pain gradually disappeared Later while lifting a hea^y load she felt a sudden 
sharp tw isting pain in the right hip This pain occurred at mter\ als for about tw'O 
weeks and then stopped Shortly afterward she had a similar attack of pain in 
the left hip Since then, pain had been almost constant When the patient w'as 
admitted to the hospital, the pain was in the lower part of the back and left side 
and caused her to bend backward when walking The pain was rehe%ed b\ hmg 
down In the pre\ lous five months she had lost about 50 pounds (22 7 Kg ) , 
her w'eight on admission haMng been about 145 pounds (65 8 Kg) Her appetite 
W'as good, and she slept well Except for the pain described, the patient felt 
w ell She consulted a ph\ sician w ho in the course of his examination found Bence- 
Jones protein in her urine He adiised hospital treatment, and she was admitted 
to the service of Dr William R Williams at the New York Hospital on Dec 5, 
1922 
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Physical Examination — The physical examination at this time was essentially 
negative It was not until sixteen months later, at the time of her last admission, 
that any physical defects were noted At that time it was seen that the patient 
was extremely weak, but there were no gross changes except those in her 
extremities The left thigh showed a partial loss of motility, and there was 
entire loss of motility of the right thigh at the hip joint There was some shorten- 
ing and irregularity of outline of the right femur in its upper third 



Fig 1 — Involvement by multiple myeloma of pelvis and right femur, with 
pathologic fracture of femur 

This patient was under observation intermittently from December, 1922, to 
September, 1925, and spent the last seventeen months of her life in the hospital 
Until three months before her last admission the patient was able to be up and 
around At that time she fell and sustained a fracture of the left hip Her con- 
dition became gradually worse, so that hospitalization became necessary 
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Bence-Jones protein was found in the urine shortly before the patient first came 
under observation in 1922, and it was present in all subsequent examinations, the 
amount varying from a faint trace to a heavy precipitate Serum albumin was 
also present, the amount changing from time to time, and occasionally being so 
great as to obscure the Bence-Jones reaction Hj^ahne and granular casts were 
found at irregular periods A few epithelial cells, leukocytes, and occasionally 
calcium oxylate and phosphate crystals were recorded The urine was usually 
acid, and the specific gravity ranged from 1,012 to 1,030, the average being around 
1,020 

The blood count on first admission showed a hemoglobin content of 60 per cent, 
leukocytes 7,600, erythrocydes 2,260,000 and a normal differential count Through- 
out her stay in the hospital, the blood count remained practically the same except 



Fig 2 — Rarefaction m left clavicle, scapula, humerus and ribs 

for a gradual diminution of the hemoglobin The last examination shortly before 
death showed hemoglobin 22 per cent, erythrocytes 2,200,000 and leukocytes 4,700 
Smears at different times revealed some poikilocytosis and slight anisocytosis, but 
in general the red cells appeared normal At no time were more than a few 
normoblasts seen, and the platelets appeared normal in number No abnormal 
white cells were noted 

Several blood Wassermann tests performed at various times were negative 
Chemical examination of the blood showed a variation in the urea nitrogen from 
115 to 23 mg per hundred cubic centimeters of blood The blood calcium 
ranged from 12 06 to 16 mg per hundred cubic centimeters of blood The icteric 
index, which was determined only once, was 10 6 

Roentgenograms taken m December, 1922, showed rarefaction of ribs, clavicles, 
vertebrae and extensive lesions m the skull However, of the long bones, only 
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the fibulae and bones of the forearms were involved Three months later, the 
lesions noted before were more extensive, and, in addition, rarefaction was begin- 
ning in the tibias and femurs Roentgenograms taken two months later revealed 
further advancement of the disease When roentgen rays were next taken, in 
March, 1925, three pathologic fractures of the femurs were noted The patient 
was aware of only one of these, which she had experienced several months pre- 
viously While being taken to the roentgen-ray room for therap 3 ', another frac- 
ture occurred in the left femur Fractures were also noted m the right clavicle 
and later in the right forearm Roentgenograms taken of the chest showed that 
practically all the ribs on the left side were broken, these having given rise to no 
symptoms Shortly before death pathologic fractures of both bones of the fore- 
arm and of the lower end of the humerus on the left side were noticed 



Fig 3 — Extensive lesions in the skull 


Tieatment and Coutse — When first admitted to the hospital the patient was 
given extensive roentgen-ra 3 " therap 3 '^ all over the bod 3 ’^, but this had to be discon- 
tinued on account of pathologic fractures, and the Alpine lamp was substituted 
As a result of these procedures there seemed to be an amelioration of symptoms 
Sodium cacodylate was given dail 3 ' for several months without 303 ^ apparent effect 
on the blood 

Throughout the patient’s last stay in the hospital, which was about seventeen 
months, her clinical course was variable but generally downward At times pain 
over the chest and back was severe enough to require morphine, but in general 
the patient was comfortable as long as she remained quiet She gradually became 
weaker, and for several weeks before death had frequent vomiting and diarrhea 
The weakness became extreme, and the patient finally succumbed During the 
last few weeks there was a slight irregular fever, but aside from that the tempera- 
ture was normal 
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Pathologic Repot t —A-atogsy was performed shortly after death The loose 
folds of the skin indicated considerable loss of weight The left upper arm \\as 
deformed, and by palpation a fracture was noted at about the middle of the 
humerus Both femurs showed deformities 

At numerous places of the skull areas of extremely thin bone were encountered 
The slightest pressure on these areas caused an indentation of the bone attended 
by a crackling sound On section, the external table showed irregular erosion, 
and the internal table consisted only of a flat network of thin bone The diploe 
was replaced by soft yellowish masses of tissue which extended through meshes 
of the internal table and were connected with the dura from which it could not 
be separated Only slight pressure was sufficient to cause a fracture of the 
sternum, and the bone was easily cut The cut surfaces showed the bone to be 
thin, in some places only 2 mm in thickness The medullary cavity was filled 



Fig 4 — Skull showing lacelike destruction of inner table Tumor can be seen 
between inner and outer tables 

with masses similar to those found in the skull, and, in addition, definite nodules 
of light red were found within the yellow masses The lower end of the right 
femur was removed On vertical section the marrow appeared replaced by red- 
dish masses of soft tissue with a great many hemorrhages scattered through it 
The epiphysis of the femur did not reveal gross lesions The observations on the 
ribs and vertebrae were the same as those described in the foregoing 

The spleen was of normal size and consistency On section, the organ presented 
a brownish surface with many scattered hemorrhagic areas, normal markings 
could not be recognized 

The liver, which weighed 1,200 Gm , was yellowish brown and showed gross 
evidence of fat infiltration , otherwise it was normal 

The surfaces of both kidneys appeared roughly granular, and a few larger 
scars were present , otherwise the organs appeared normal 

Adenopathy was not present in the lymph nodes The largest nodes encoun- 
tered w^re about 1 cm in diameter A few nodes appeared anthrocotic, but 
other gross lesions were not apparent 
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The abdominal aorta presented several large arteriosclerotic ulcers , in places 
calcification was so advanced as to cause the vessel to be rigid This same lesion 
was present m the first portion of both coronary arteries No lesions were noted 
elsewhere 

The fat of the subcutaneous tissue had a peculiar golden yellow color resem- 
bling that seen in pernicious anemia 

Aerobic and anaerobic cultures of blood from the heart showed no growth 

Mici oscopic Evmmnation — On section the spleen showed a marked hjperemia 
and numerous accumulations of brown pigment granules There were also many 
cells loaded with such granules The walls of some of the capillary vessels 
showed thickening with hyahnization 

In the liver cells of the peripheral parts of the lobules were numerous large, 
round, empty vacuoles, evidently the result of fat infiltration Most of the capillary 
blood vessels contained many large cells with acidophilic protoplasm The large 



Fig S — Growth in bone marrow showing plasma cells 

vesicular nucleus was rich in chromatin, and the structure of the latter was often 
radiating The nucleus of most of these cells was eccentncallj' placed These 
cells resembled plasma cells 

In the kidney the majority of the glomeruli were intact, but there were scattered 
areas in which the glomeruli were in various stages of hyaline degeneration 
Throughout the specimen there was a definite increase of interstitial fibrous con- 
nective tissue with a patchy mononuclear round cell infiltration A large propor- 
tion of the tubular lumina was filled with a homogenous or granular material 
which varied m color from pink to pale blue In a few instances the tubular 
epithelium was replaced by a deep blue staining structure, this process undoubted!}^ 
being calcification 

A section of the tumor mass taken from the right femur, presented a uniform 
histologic picture Here were seen a great many identical cells closely packed 
together These cells were similar to those described in tbe liver capillaries and 
resembled plasma cells In the adjacent fatty bone marrow, groups of similar 
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cells weie encountered Sections of the tumor mass taken from the skull and 
vertebra showed the same cells ' 

Summaiy — Tlie conditions revealed at autops\ were plasmoc\toma of the 
bone marrow, hemosiderosis of the spleen and liver, glomerulonephritis, chionit, 

‘ calcium metastases” to the kidne 3 "S and pathologic fractures 

Note I have classified this tumor as a plasmocytoma, sigmf.ving that the cel- 
lular units of which the growth consisted, resembled plasma cells, implying, how- 
e\e!, nothing concerning their histogenesis or real nature 

SUMMARY 

A case lepoit of multiple m}eloma occuinng in a woman, the patient 
being uiidei obseivation foi ovei two and one-half yeais is given m the 
foiegoing Attention w^as hist diiected to the condition b} a pain in 
the back, made woise by piessiue Bence-Jones piotein w^as found m 
the mine, and on the basis of these two conditions a piovisional diag- 
nosis of multiple nneloma was made, i oentgen-i a)'" obseivations con- 
fiimed the diagnosis The blood pictuie w^as that of maiked secondaiy 
anemia The icteiic index and heniosidei osis of the livei and spleen 
at autopsy suggested that the anemia to a ceitam extent ma} ha^e been 
of a hemolytic natiue The coiuse of the disease w^as maiked by 
piogiessive anemia and many pathologic fiactuies At autopsv seveial 
pathologic fractures were seen, and most of the bones w^eie destioyed bv 
the tumoi growth of the maiiow The histologic stiuctuie of the 
tumoi tissue was that of a plasnioc3doma No metastases weie found 
but plasma cells w^eie piesent in the capillaiies of the livei 



AUDIBILITY OF BRUIT OF THE THYROID IN 
EXOPHTHALMIC GOITER 

ISRAEL BRAM, MD 

PHILADFLPHIA 

The topical th^ioid swelling in exophthalmic goiter presents 
throbbing, thrill, and bruit — physical signs of hyperplasia of the organ 
associated with a tiemendous increase in its vasciilaiity These signs, 
especially biuit, help to difterentiate this form of goiter from that of 
toxic adenoma Indeed, in the absence of exophthalmos in an otheiwise 
typical case of exophthalmic goitei, the characteristic bunt of the thyroid 
IS almost pathognomonic The stethoscope over the thyroid gland is 
tieqiiently the detei mining factor in differentiation of the two condi- 
tions, which otheiwise jDresent many clinical features in common 

The examinei must place the stethoscope over the isthmus of the 
organ rathei than over the lateial lobes At tbe istbmus the true biuit 
of the th}ioid is obtained lathei than the sound of blood passing through 
the carotid arteiies Carotid murmuis are systolic in time, of the same 
duiation as the caidiac systole and rather soft in character Bunt ovei 
the h} pel plastic tlnroid is likewise S}stolic m time but of gi eater 
duiation than is the cardiac systole, occasional!} it is also diastolic In 
tApical instances the sound heard is rathei loud and at times uncom- 
foitably haish to the eai, simulating the bunt heard ovei an aneur}sm 
In a consideiable peicentage of sufferers fiom exophthalmic goiter 
thei e IS no obvious th} roid swelling , hence bruit is scarce!} to be 
expected Again, dm mg the foimatne or incipient stage of the disease, 
th}roid vasculaiitA ma} he insufficient to pioduce an undoubted muimur 
In cases of otheiwise t}pical exophthalmic goitei, hypeiplasia may be 
added to an adenoma of the th}ioid of long standing, hence bruit may 
01 may not be audible 

There are two methods of alteiing- the audibiliti of bunt in the 
h}perplastic tlnroid of exophthalmic goitei (1) through change of 
the patient’s postme, and (2) thiough tbe use of iodine 

1 The usual position of the head during examination of the thyioid 
IS one of extension, with the chin raised upwaid and the anteiioi aspect 
of the neck made taut and con\ex as m figuie 1 In this position the 
examinei detei mines the motilit} of the organ during deglutition, the 
size, shape and S}mmetiy of the mass and the location of the lowei 
border of the isthmus, to determine whether there is any letrosteinal 
extension The stethoscope ovei the isthmus with the patient’s tlnioid 
in this position will, howe^ei, give the least likelihood of bruit, as the 
blood vessels are compressed, and the oigan is made relatively anemic 
In marked hypeiidasia of the thyioid this compiession will suffice merely 
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to render bruit less audible Questionable bruit or bruit of moderate 
loudness will become entirely inaudible When, llO\^e^er. the patient’s 
neck is placed in the flexed position with the chin forwaid or appioach- 
ing the chest, as m figuie 2, a soft bruit becomes loud, a questionable 
one rathei distinct, and often a th 3 TOid presenting no bruit m the 
extended position will piesent one in tins postuie I ha\e b) this means 
pioduced a decompression or release of tension of thyroid content so 
that the maximum of lasculant}’- exists with consequent maximum 




Fig 2 — Flexed position of the head during examination of the thjroid 


audibility of bruit It is fiequently possible in this position of the neck 
to elicit bruit otei the thyroid months in advance of the detelopment 
of maiked enlargement of this organ in exophthalmic goiter, thus 
assisting in the making of an early diagnosis 

2 As the result of the administration of iodine in patients with the 
h}pei plastic th}ioid of exophthalmic goiter, there is such an accumula- 
tion of colloid within the vesicles as to increase the size and tenseness of 
the goiter This ma} cause such compression of the distended blood 
vessels within the tlwroid as to render less audible or, virtually, to 
eliminate bruit Discontinuance of iodine administration results m the 
disappearance of the excessue colloid accumulation vithm from ten 
to twenty da} s, with the reappearance of the formei bruit 
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Bilateial thiombosis of the supiaienal \eins as a cause of death is 
raie, and the clinical s\inptoins caused aie so piuzhng that the diagnosis 
IS doubtful until a postinoitem examination demonstiates the lesions 
Sudden destiuction of both supiaienal glands b} extensive heinonhages 
leads piompth to death ^ ivhile a moie chionic piocess, such as tubei- 
culosis, bungs about the changes of Addisons disease BetMeen these 
exti ernes aie giadations ot destruction and coi lesponding diminution 
of function M'hich accoiding to statements lecoided ma} aiouse a con- 
siderable Aaiiet} of s}mptoms These s\mptoms with acute injun of 
the supi ai enal gland haA e been ai i anged b\ La\ enson - and othci s m 
five groups (1) a “peiitoneal ’ foim w'lth epigastric pain, vomiting, at 
times diaiihea and piotound piostiation — SMnptoms lesembhng those 
in acute hemoiihagic panel eatitis , (2) an asthenic form ending fatallv 
in a few' da\s, (3) a nenous type wnth coinulsions dehiium or coma, 
(4) a foim with puipuiic lash oi heinonhages in the abdominal visceia 
occui ling especial!} inchildien and (5) final!} aTariet} in wdneh death 
IS sudden and wdiich is usuall} seen in childien and in stillborn infants 
S}mptoir's aioused b} the sudden loss of supiaienal function, wdiich 
lead at least to a piesumptne clinical diagnosis of injury to the supra- 
lenal gland, aie complicated Iw snnpioms lesulting fiom fluctuations 
in the suppression of function, wdiich occui wuth paiietal thiombosis of 
the veins, oiganization of the thiombi and fuithei occlusion of the 
vessel lumens A^eiy little legaiding the symptoms of this disoider is 
mentioned in the lepoits now' on lecoid and judging fiom the state- 
ments made in these accounts thiombosis of the supiaienal I'eins w'as 
consideied secondary in impoitance In 1885 Hanau = lepoited thiom- 
bosis of the supiaienal veins in thiee patients, tw'o of w'hom had acute 
suppurative infections elsew'heie in the boch , the thud had ad^anced 

'From the Henr^ Baird Favill Laboratoi\, St Luke’s Hospital 
' Read bv title at the Annual Meeting of the American Soclet^ for Clinical 
Investigation, Atlantic Cit\. N J Mav 2 1927 

1 Crowe S M , Tr Chicago Path Soc 12 26 (March) 1924 

2 Lavenson R S , Acute Insufficienc\ of the Suprarenals Arch Int Med 
2 62 (Aug ) 1908 

3 Hanau Tageblatt der AArs deutscher Naturforscher und Aerrte, Strass- 
burg 1885 p 229 
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pulmonai} tiibeiculosis T.hiombosis of the ^eI^s with extensive hemoi- 
ihage into the substance of the siipiarenals is repoited in thiee patients 
b} Lissauei He mentions bilateral tliiombosis of the snpraienal veins 
without heinoiihages in a patient with aortic stenosis These, he thinks, 
aie due to caidiac deficienc} and resultant stagnation tliiombosis Sim- 
monds'' lepoits the cases of seven patients, in thiee of whom both 
supiaienal \eins weie thrombosed He was unable to find bacteiia in 
the thiombi, and legarded them as mai antic In an anahsis of the clin- 
ical s}mptoms in sevent 3 -nine patients diing with heinoiihages of the 
supiaienal glands, Ainaud'^ mentions unilateial thrombosis of the veins 
in two Fort} -four ot these seAent}-nine patients weie without appieci- 
able symptoms The hemorrhage was of such ^olume in five as to give 
use to an appieciable tumor Symptoms ot peiitonitis occuiied in six 
supraienal insufficienc} in nine and the apoplectic toim accompanied by 
delnium, com ulsions, coma oi s}ncope occuiied in fifteen Bilateral 
tliiombosis of the supiaienal veins is gnen b\ Stiaub' as the cause of 
an acute Addison's disease The patient Ined seienteen dais A caici- 
noma of the p} loins with metastases in the supiaienal glands and com- 
plete occlusion ot the supiarenal veins weie found aftei death In 1922, 
Veit® leported a case of acute Addison’s disease in a woman, in whose 
bod} the postmoi tern examination demolish ated aplasia of the left supia- 
lenal gland and an oigaiiizmg tliiombus of the light supiaienal \ein 
Tliiombosis of the light supiaienal vein with intaiction of the gland and 
beginning thrombosis ot the lett vein in a woman with puei petal intec- 
tion is lecoided by Weissenfeld ° He legaids ciiculatoiy distni bailees 
as the cause A lepoit of bilateral tliiombosis of the supiaienal veins 
111 two more patients is made b} Sclionig One ot these patients w^as 
a woman with Staph} lococcic septicemia followung abortion, the other, 
a woman ivho died fifteen da}s attei a lentiifixation of the uterus The 
postmoi tern examination denionsti ated small abscesses in the pelvic tis- 
sues and in the wound fiom the lapaiotoni} Ciiltuies taken tioni the 
spleen showed staphylococcus 

The histologic changes occuiring in the supiaienal gland tissue with 
^enous tliiombosis ma} be lelatneK insignificant (Veit, Schonig, Lis- 
sauer) There aie small legions of neciosis in the cliff eient laveis of 
the cortex and medulla, and the amount ot tissue desti o} ed ma} seem 

4 Lissauer, Max Virchows Arch t Path Anat 193 137 1908 

5 Snnmonds, M Virchows Arch 1 Path Anat 170 242 1902 

6 Arnaud, F Arch gen de med 186 5. 1900 

7 Straub Acuter Alorbus Addisonn nach Thrombose beidcr Xebenniercn 
Vene, Inaug Dis , Tubingen, 1909 

8 Veit, Bernhard Virchows Arch t Path Anat 238 269, 1922 

9 Weissenfeld, Fehx Beitr ? Path Anat u / Allg Pathol 70 516, 1922 

10 Schonig, A Beitr z Path Anat u z Allg Pathol 72 580 1924, 
Centralbl f alls Pathol u Path Anat 36 416, 1925 
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relatively small In most of the leports thiombosis of the supiarenal 
veins was associated with othei visceial disoideis of so grave a natuie 
that the clinical symptoms were difficult to inteipret Cyanosis was a 
conspicuous symptom only in the two cases i epoi ted b} Ci owe In none 
of the cases leported was there paroxysmal cyanosis such as that in the 
patient whose clinical history is given in this aiticle Bittorf lecently 
described the clinical symptoms in a woman with thiombosis of the 
supraienal vein which occuired because of a piogiessive ascending 
occlusion of the inferior vena cava, he lefeis to a similar observation 
lecorded by him in 1910 After mentioning the symptoms caused in the 
patient (a middle-aged woman) by occlusion of the lowei poition of 
the infeiior vena cava, he says that the pulse, which had been of normal 
quality and tension, became faint and weak, finally being almost impel - 
ceptible, and that the skin of the entiie body contained c}anotic spots 
resembling postmortem lividit}' Respirations weie deep and diminished 
to only a few pei minute, they were not periodic Theie was extieme 
weakness, and the temperature became subnoimal At first the sensoiium 
remained cleai, but after several days death occuiied m coma Bittoif 
thinks that some of these symptoms, if not all, lesulted fiom a diminu- 
tion of the supply of epinephiine In anothei lecent account of insuffi- 
ciency of the suprarenal gland Medlar^- recoids the clinical sjmptoms 
of a man, aged 28, whose entire illness was of about thiiteen daj'S’ dura- 
tion Extreme c)'^anosis occuiied, with othei symptoms and the post- 
mortem examination demonstiated a maiked atiopln of the coitex of 
the suprarenal glands and fibious changes of the coitex and medulla 

REPORT or A CASE 

History — O R, a white man, aged 30, entered St Luke’s Hospital on Jan 
22, 1926, complaining of weakness, shortness of breath, nervousness, sleeplessness, 
fulness of the head and headache, poor appetite and, finalh, attacks of cjanosis 

Just before Jan 1, 1926, he had contracted a stubborn cold and had made his 
condition worse by taking part in several drinking parties after which he awoke 
in the morning with headache and puffiness of the face Soon after this, his 
mother noticed that while asleep his face and lips were purple, though breathing 
was normal This cyanosis so alarmed the mother that she made nightly obser\ a- 
tions , always she noted the same blueness while the patient w'as asleep, but it 
disappeared after he arose m the morning Later, he was aroused from sleep 
with some difficulty He continued at his daily wmrk until Januarj^ 14 At that 
time, sw^elling of the ankles was present in the morning, but disappeared with 
exercise, afterward continuing during the tw^enty-four hours Sleep w'as disturbed 
by the cyanosis, and breathing became labored Later he complained of fulness 
m the head and ears, dizziness and nausea sometimes accompanied by vomiting 

In early life he had had pneumonia, measles and tonsilitis, but no rheumatism 
or heart trouble Following a fall at the age of 2 he had a spinal deformitv, 
and at the age of 12 he had a discharging sinus oier the clavicle, this condition 
was diagnosed as tuberculosis of the spine In spite of the deformih, he exer- 
cised vigorously, and never suffered from cyanosis or d 3 "spnea He used tobacco 


11 Bittorf, A Munchen med Wchnschr 73 1928, 1926 

12 Medlar, E M Am J Path 3 135, 1927 
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moderately, and alcohol occasionally, though seldom to excess He said that he 
had not had venereal diseases, and the family histor}-^ did not mention tuberculosis 
or epileps 3 ’’ 

Physical Examination — The patient was a joung man, apparenth not acuteh 
ill, with slightly blue lips, respirations 20, pulse rate 110 and temperature 99 f 
The pupillary and other reflexes were normal The thyroid and cervical l 3 mph 
glands were not enlarged He had a marked k 3 phosis of the cervical dorsal 
spine and an old scar on the right side of the neck The lungs w ere clear, except 
for an occasional moist rale at the bases He had enlarged liver, a slight ascites 
and a moderate swelling of the feet The heart was moderately enlarged The 
heart beat was rapid and regular, but without murmurs The blood pressure was 
126 systolic and 60 diastolic Examination of the blood revealed hemoglobin, 
86 per cent, red blood cells, 5,070,000, leukoc 3 'tes, 18,000 per cubic millimeter 
with an increase of the polymorphonuclear cells The Wassermann test of the 
blood was negative A trace of albumin and a few red blood cells were found 
in the urine, but no sugar A roentgen-ray examination demonstrated the spinal 
curvature, a moderately dilated heart and a normal aorta A tentative but not 
altogether satisfying diagnosis of cardiac decompensation ^\as made 

Coitise and Ticatmcnt — During the patients stay m the hospital his s 3 'mptoms 
resembled those m cardiac decompensation The skin was shghtlv blue, the 
respirations were about 22 per minute and the blood pressure ranged from 120 
to 140 systolic and from 70 to 75 diastolic Several times during the da 3 ’^ and 
night he suddenly became nervous , the color of his face changed to a deep purple 
as if he were being strangled The cyanosis spread to the arms, trunk and legs, 
and breathing was labored He often became unconscious during these attacks 
and the pulse rate was thready or imperceptible With stimulation by caffeine, 
digitalis, oxygen or epinephrine, he regained consciousness in a few minutes, and 
his pulse, respiration and color became normal, but he was exhausted 

Preceding and during these attacks there was no bronchospasm or cardiac 
pain Anorexia, nausea and at times vomiting occurred The bowels were dis- 
tended, and the movements were watery Pigmentation of the skin or mucous 
membranes was not observed 

The paroxysms of cyanosis, dyspnea and unconsciousness grew more severe 
until Februar 3 ’^ 10, nineteen days after admission and about six weeks after the 
onset of S3^mptoms, when the patient passed into convulsions and died 

Postmoitem Ex animation — The tissue changes found at postmortem exam- 
ination of the trunk, head and neck, with the exception of a moderate passive 
h 3 "peremia of the viscera generally, vrere confined to the suprarenal glands The 
brain was fixed in liquor formaldehyde In the thin frontal sections through the 
cerebrum and cerebellum, and in the transverse sections of the brain stem there 
were no gross changes or hemorrhages A histologic examination of the brain 
WMS not made A firm, but friable, gray thrombus, 0 6 cm in diameter, projected 
into the inferior vena cava from the mouth of the right suprarenal vein The 
lumen throughout the vein was completeK'- filled with this mass The suprarenal 
gland w^eighed 7 4 Gm The left suprarenal gland weighed 6 Gm , and the vein 
also w'as filled wuth a firm, gray thrombus These suprarenal glands were not 
enlarged, the medullary portions w^ere a dark reddish brown, and the 3 el'ow 
lipoid substance of the cortices was diminished and irregularly distributed 

Histology — In sections taken through the middle of the right suprarenal gland, 
including the vein, three-fourths of the lumen w'as filled wuth a mural thrombus 
111 which w^ere small capillaries and other changes occurring wnth the organiza- 
tion of a fibrin mass The remaining portion of the lumen contained masses of 
red blood cells and a few' polymorphonuclear leukocytes (figs 1 and 2) The 
cytoplasm of most of the cells m the medulla w'as shrunken to about one-third 
of the original size, and the nuclei w'ere pvknotic The spaces left by the 
shrunken cells appeared as vacuoles The amount of fibrous stroma was 
unchanged The cells of the zona glomerulosa did not strain uniformh Some 
portions contained cells quite normal in appearance, but adjacent to these w'ere 




Fig 2 — Photomicrograph ol the thrombus in the right suprarenal vein, X 50 
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other poi lions with only granular, necrotic cellular substance Tlie cells of the 
7ona fasciculata were markedly vacuolated, some with shrunken nuclei and others 
\\ itli 1 esicular nuclei, and a few were necrotic Similar changes were present in 
the 7ona reticularis The hemorrhages present were rclativeh small and did not 
involve any large part of the tissues 

The changes in the left supraienal gland were like those of the right, except- 
ing that the changes in the cells were less extensive The thrombus in the \ein 
was recent The central portion of the thrombus consisted of a dense mass of 
polymoi phonuclear leukocj'tes, and the peripheral portions were fibrin lamellae 
ivith a few' polymorphonuclear leukocytes and masses of red blood cells (figs 
3 and 4) In preparations stained in methylene blue, structures resembling cocci 
were found m pairs and in chains of as many as four 

COM MENT 

Chtonic huptctienal insufficiency in Addison’s disease is chaiacteii/ed 
b) an insidious onset, pigmentation of the skin, gasti o-intestinal symp- 
toms low blood piessuie and finally by piogiessive asthenia The dis- 
ease tei inmates by giadual exhaustion, by syncope oi b\ the development 
ot dehiium with dispnea, except when the ttibeiculous infection is 
widespi ead 

Veute and subacute supiaienal insufficiency is laiely lecognwed 
chmcalh The acute foims in patients aie mistaken foi peiitonitis oi 
panel eatitis oi aie not diagnosed The subacute foim enables a longei 
peiiod ot study and obseivation, but unfoitunatelj most of these cases 
occtu m patients with some infection oi suppuiative piocess that obscuies 
the disoidei m the supiaienal glands In the acute and subacute insuffi- 
ciencies, pigmentation of the skin does not occui, but othei symptoms, 
>uch as asthenia, aiteiial hypotension, gasti o-mtestinal disoideis and 
ceiebial distuibances, aie usually manifest and should at least suggest 
the possibility of a supiaienal lesion 

The clinical histoiy lepoited in this aiticle is unusual in that the 
postmoitem examination of the body of the patient demonstiated no 
changes othei than in the supiaienal glands, noi was theie any lesion 
of the aoita oi coionaiy aiteiies to explain the progiessive decompensa- 
tion of the heait The initial cold was an infection of so mild a natuie 
that without some fuithei complication death evas not explained chni- 
calh The clinical symptoms also suggest some distuibance othei than 
a simple decompensation of the heait It is tiue that attacks of dtspnea 
and c}anosis occui m caichac disease, paiticulaily in aoititis and m disease 
ot the coionaiy aiteiies, with oi without pain But in this patient 
attacks of cyanosis appealed befoie the d}spnea Latei, these seveie 
attacks of cyanosis weie accompanied by a lapid fall m aiteiial piessuie 
and unconsciousness These symptoms aie especially notewoithv because 
changes of the aoita and coionaiy aiteiies weie not found in the post- 
moitem examination Bionchospasm may cause cyanosis and dispnea 
but the bieathing chai actei istic of this disoider was not present dtiiing 
the attacks 
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Fig 3 — Sketch illustrating the thrombus in the left suprarenal leiii 



Fig 4 —Photomicrograph of the thrombus in the left suprarenal lein, X 50 



HIRSCH-CAPPS—PAROXiSMAL CVAXOSIS 119 

In discussing mixed thrombi of the suprarenal ^elns Dietrich and 
Siegmund sa} that these are propagating thrombi hose origin is in 
the capillar)' bed The) arise because of retrogressne changes of the 
suprarenal substance especial!)’ those caused by bacteria It seems like!) 
that the thrombosis of the suprarenal \eins m this patient occurred as a 
complication of the respirator) infection and that the subsequent attacks 
of c)anosis s)ncope, nausea and weakness and the cardiac ^\eakness 
lesulted from insufficiency of the suprarenal gland 

The sudden onset of the attacks is not unlike the acute insulin insuffi- 
ciency of diabetic coma, suggesting either an o^ erw helming wa^e of 
some toxic substance or more hkel) , the acute need of suprarenal sub- 
stance in tissue metabolism On this basis the sudden attacks of c) anosis 
suggest that the suprarenal substance ma\ be important in the utilization 
of OX) gen 

SUMM \RY 

This IS a report of the clinical s)mptoms in a patient with bilateral 
thrombosis of the suprarenal veins and acute retrogressne changes of 
the suprarenal glands in whose body a postmortem examination did not 
disclose any other complicating lesion 

In addition to the usual S)mptoms of suprarenal insufficiency, such 
as asthenia low blood pressure gastro-intestinal disturbances and S)n- 
cope tliere were sudden attacks of extreme C) anosis associated nith 
d\ spnea and unconsciousness 

The suggestion is made that the c) anosis is due to suprarenal msuffi- 
cienc) rather than to weakness of the heart and that the suprarenal 
gland may play a role in the utilization of oxygen by the tissues 

13 Dietrich, A, and Siegmund, H Die Kebenniere und das chromecaffine 
System, Henke, F, and Lubarsch, O Handbuch der spezilen pathologischen 
Anatomie und Histologie, 1926, ^ol S, p 980 
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Slowing ot the pulse late dunng the couise and convalescence of 
ceitain acute mtectious diseases has been a clinical ohseivatioii for many 
Yeais Oslei s classical desciiption of post-typhoidal biad\cardia was 
made in 1898, he was the first to lecoid pulse lates as low as 30 a 
minute following this disease ^ Moi ison - noted the slow pulse rate 
m ceitain types ot pneumonia In 1922, Cowan and Ritchie"* weie 
among the fiist to desciihe its development follow'ing influen/al 
infections 

Dunng a lecent stiuh ot postinduen/al distuihances of the heait ‘ 
and postinfluenzal heait block '* a lathei definite type of hiadycardia 
was discoveied wnth ceitain associated ii i egulai ities of ihythm, this 
t\pe, though appal ently common, has not been discussed m the available 
liteiatuie The lathei tiequent occuiience of biad}Ccudia during the 
lecent outbreak of influenza and the appiehension aroused b) its detec- 
tion piompted a closei investigation of these hiad\caidial iiiegularities 

What constitutes pathologic biad}caidia. so fai as late is concerned 
has always been a debatable question j\Iany health\ and active per- 
sons have a continuouslv slow pulse late an athlete nndei my obsei- 
vation has always had a pulse late of 56 He is a long distance lunnei, 
and has completed a maiathon lace among the fiist ten Neuhof 
placed the low limits of a “noimal’’ slow pulse at 60 beats a minute, 
Ybllius ' considers from 50 to 60 as the lowest lange in noimal hearts 

In this study, when the previously known jjulse late has been 
highei, a late of 60 beats a minute oi lower has been used in detei mining 
cases foi investigation All togethei se\enteen patients have been 

From the Witkin Foundation for the Stiuh and Preicntion ot Heart Dis 
ease, Beth David Hospital 
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carefully examined and followed, but four ha\e been selected tOi 
presentation as illustrating the various types of biad}caidial iiiegu- 
larities w'hich have been found in this particular group of cases 

All of the patients had a rather typical attack of influenza a^ 
described by Field, ^ with fever, malaise, generalized pains and achei. 
coryza and othei irritations of the upper respirator\ tiact, headache 
and nausea The relative toxemia was about the same in each case 
and the duration of the acute phase ot the disease lasted fiom foui 
to thirteen days, with a general a^eragL of about six da}S 

“Simple” postinfluenzal brachcard’a, as indeed that which follows 
typhoid fevei and certain t}pes of pneumonia, is piobabh the lesult 
ot direct poisoning of the pacemaker mechanism ot the heait b\ bac- 
terial toxin A depression of the sinus node, with its specialized cells 
foi impulse production, develops, so that theie is a retardation or mter- 
terence in the normal release of the stimulus necessar}'- foi exciting the 
cardiac contraction c}cle It is suggested that this is not purel} a 
1 agal phenomenon and the result of toxic stimulation of the autonomic 
s} stem, because no other vagal effects are noted in the patient 

jMany theories are current to explain the mechanism of the depies- 
sion caused by the bacterial toxin One, proposed by \\Tnckebach is 
that the bacterial toxemia prolongs the lefractory period in the sinus 
nodal cells in such a wa} that generation of the impulse is delated 
Another theor} attributed to Yaquez maintains that the spread ot the 
negative ionic wave within the nodal tissue cells is actuallv “neutral- 
ized” by the toxemia, and that theie is thus a retardation in the sum- 
mation of the negatively charged ions necessary to initiate the impulse 
from the node 

Chmcalh , this delay in the release of the impulse is noted b} a slow 
regular pulse if the rate is from 50 to 60 beats a minute This is 
demonstrated by the follownng case 

Case 1 — S L, a bo>, aged 11, had a usual pulse rate of from 88 to 100 with 
a marked sinus arrhj'thmia He had an acute attack of influenza which lasted 
from December 2 to 7, 1926 The pulse rate on the fourth da\ of the disease 
(Dec 5) w'as noted as 58 and regular Electrocardiographic studies made on 
December 8 show'ed a normal aunculor entncular rhjthm with a rate of 60 beats 
a minute 

On December 15, one week later, the pulse rate when the patient was at rest 
was 66, and after the Wolffe test with three minutes of moderate eftort, the rate 
rose to 90 On January 6 it w^as 80, and on Februar\ 2, 84, with a normal 
electrocardiographic record 

This case illustrates a simple slowing of the pulse rate b} a toxemic 
depression of the pacemaker mechanism wnth a giadual lecotery lasting 
about one month after the ongmal attack of the influenzal infection 

8 Field, C G Endemic Influenza M J ^ Record 123 125 (April 7 ) 1526 
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Such toxemic effects may be legarded as a fii <;( deg)ce of nodal 
depression and aie usually without ii regularity of rhythm 

Fuithei depression of the pacemaker mechanism results m a biady- 
cardia with a rate of fiom 40 to 50 beats a minute, with an irregularity 
which in many respects clinically may resemble a premature beat The 
following case illustrates this condition 

Ca,se 2 — J S, a man, aged 28, had a usual pulse rate of about 78 The 
patient had had an acute attack of influenza which lasted from Nov 23 to 28, 
1926 His pulse rate on November 28 was noted as 64, but electrocardiographic 
studies made on November 29 showed a rate of 46 with a slight irregulantj, 
vhich on analysis was found to be due to “escaped” nodal beats The pulse rate 
on December 10 was 58, on December 17, 64, on December 24, 70, and on 
Januarv 10, 76 



Tig 1 (case 1) — First degree sinus depression, normal auriculoventncular 
rbjthm w’lth a rate of 60 beats a minute Analjsis The P-waves are normal, 
the P-R interval representing conduction time from the auricles to the ventricles 
IS constant, measuring 0 18 seconds The Q-R-S complexes are not delav ed in 
transmission The 1 waves are upright and well formed The T-P interval 
representing diastole is constant Diagnosis normal slow pulse 



Fig 2 (case 2) — Second degree smus depression (group 1) , normal aiiriciilo- 
ventricular rhvthm with a ‘dominant” rate of 46 beats a minute, the rhvthm is 
occasionally (from one to four times a minute) interrupted bv a premature beat 
of sinus node origin Analysis The P waves are normal, the P-R interval 
IS constant, measuring 0 16 seconds The Q-R-S complexes are not delayed in 
transmission, the T waves are upright and well formed The T-P interval 
while dominantly constant is interrupted by a beat which occurs too soon, that 
IS, the distance between beats 1 and 2 and 2 and 3 is equal, but beat 4 is “prema- 
ture’ so far as the depressed rhythm is concerned Actuallj, beat 4 is tbe only 
beat of normal rate , it has “escaped” from the depressed pacemaker mechanism 
Diagnosis Depressed nodal bradveardia with occasional escaped beats 

In tins case the toxemic depiession of the sinus node was so gieat 
that the impulse was released at u regularly long interv^als, but occa- 
sionally a stimulus escaped at what apparent^ was the noimal late 
of the pacemaker Clinical examination of the pulse and apical beat m 
this condition would lead the obseivei to believe that the iiiegulaiitv is 
due to a compensated, nonexhaustive extras)"stoIe The slow lecov^ei}'’ 
to the normal pulse late — a mattei of about six weeks — indicates how' 
long convalescence may be piolonged 
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Still fulther clepiession of the nodal mechanism lesults in a slower 
pulse and a greater inegulanty Case 3 has been selected to demon- 
stiate this finding 

Case 3 ~j\I L A , a woman, aged 35, had a usual pulse rate of 84 She had 
an acute attack of influenza which lasted from Dec 2 to 5, 1926 On December 5 
the pulse rate was noted as 58, but on December 7 when electrocardiographic 
studies were made, the rate was from 40 to 46 beats a minute Here, again, the 
great depression of the pacemaker mechanism resulted in a still more %ariable 
impulse release, so that a greater number of escaped beats occurred The tracing 
(fig 3) shows that nearly every other beat was so produced 

The effect on the ladial pulse and the apical sounds of the heait 
weie such that a diagnosis of fiequent premature beats might easil} 
be eiioneously made This ii regulant}'- disappeared on December 10 
when the pulse rate rose to 56, on Decembei 20 the rate was 66, and 
on December 28 it was 82 and legulai Of inleiest in this connection 
is the fact that while theie was apparently a greater degiee of clepiession 
in this case than m case 2, the period of lecoveiy was much shorter 


111 
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Fig 3 (case 3) — Second degree sinus depression (group 2) , normal aunculo- 
ventricular cycle with a “regular irregularity of rhythm ” The dominant rhythm 
IS interrupted by regular escaped beats of nodal origin so that an alternation of 
long and short pauses between beats is produced Analysis The P waves arc 
normal , the P-R interval is constant, measuring 0 16 seconds The Q-R-S 
complexes are not delayed in transmission The T waves are upright and well 
formed The T-P intervals alternate m length , that is, the diastolic period be- 
tween beats 1 and 2 measures 1 34 seconds, equivalent to about 44 beats a miniate 
The diastolic period between beats 2 and 3 measures 104 seconds, equivalent to 
about 58 beats a minute , the diastolic period between beats 3 and 4 again measures 
1 34 and that between 4 and 5 1 04 seconds and so on After every depressed 
beat a normal beat tends to escape Diagnosis Depressed nodal bradycardia 
with alternation of escaped beats 

Case 4 illustrates with exceptional clearness the secjuence of events 
which develops in any mammalian heart when the sinus node is so 
depressed that the impulses for auiicular contraction occur at a lowei 
rate per minute than the intrinsic impulse release from the lower or 
auriculoventnculai node Such idiopathic ventricular rhythms are seen 
in complete heart block when there has been gross destruction of the 
conducting system , under these conditions no impulses from the auricle 
reach the lower node, and as a lesult the lower node now initiates its 
own stimulus for contraction The lowei node is thus a life-saving 
mechanism which is called into play whenever there is a disturbance 
m the reception of the impulse liberated from the upper pacemakei 

9 Danielopolu D, and Proca, G G A-V Brad 3 cardia Arch d mal du 
coeur 19 217, 1926 
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AVhile the noimal late of impulse release fiom the uppei pacemakei 
IS about 72 a minute, the lowei pacemakei initiates its impulses at the 
much slowei rate of fiom 28 to 40 Wmterbeig and Rothbeiger believe 
that the lou^ei pacemakei of the heait is continuously loiming impulses 
which aie always discharged by the stimuli sent doun liy the uppei 
pacemakei Since the sinus node leleases its impulses at a moie lapid 
late than the aui iculoventi iculai node, it can be leadih undei stood that 
the lowei pacemakei nevei gets an oppoi tunity to i elease its own stimuli 
until the uppei pacemakei rate falls below its ou n rate or, as has been 
pieviously described m complete dissociation of the auiicles and lentii- 
cles, no impulses aie leceived fiom the sinus node 

When the sinus node is thus so depiessed that its impulses aie 
leleased at a late of 40 a minute oi less the loner pacemakei imtiates 
Its own ihythm, but it always lemains subsenient to those impulses 
fiom above that ma^ chance to find the am iculoveiitncular node leach 



Fig 4 (case 4) — Third degree of sinus depression, depression of the pace- 
maker mechanism is so great that the impulse release is retarded to a rate of 
about 38 beats a minute The lower auriculoventricular node with its intrinsic 
impulse generation of 44 beats a minute becomes the pacemaker of the heart 
whenever the sinus node fails to send an impulse quick enough to excite the 
loner node before it deielops its own stimulus The normal auriculo\entricular 
rhvthm is thus disturbed, for with the lower node assuming the role of the 
pacemaker, the ventricles may contract before or simultaneonsh with the auricles 
Analysis The P waves are well formed and upright The P-R interval is 
constantly changing and is often missing as the P wave mav coalesce with the 
Q-R-S complex as in beats 2 and 7, or it may he between the complex and its 
T wave as in beats 3, 4 and 5 The Q-R-S complex is not dclajed m trans- 
mission The T wave is dominantly upright, although its first limb may become 
diphasic There is no T-P interval unless the auricle happens to contract before 
the ventricle m its normal relationship as in beats 1 and 8 Because of the ex- 
treme depression of the sinus node, the P waves are released at a slow and some- 
what v^ariable rate (from 35 to 42 beats a minute), but the ventricular rlwthm 
IS rather constant (44 beats a minute) The radial pulse is regular with an 
occasional faster beat, for example, beat 6 This beat was probabh developed 
by the P wave occurring late in the svstole of the fifth beat Diagnosis Ex- 
treme depressed nodal bradjcardia with v^entncular escaped beats 

for its leception In these cases, theie is thus an inteiplav of tlie two 
pacemakers, a condition desenbed by Roth as “alternation of the 
pacemaker mechanism’ The fomth case demonstiates this inteiestmg 
1 elation 

Case 4 — A S, a woman aged 38, had a usual pulse rate of 74 From 
Dec 10 to 18, 1926, the patient had an acute attack of influenza The pulse rate 
on December 14 was 58 on December 18, 52 , on December 19 46 and on 
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December 20, 42 On December 22 the pulse became ^er^ irregular and laricd 
m rate from 36 to 40 beats a minute Electrocardiographic studies made on 
December 23 sho\\ed the interplay of the two pacemakers as described in the 
foregoing 

The pulse continued to be irregular until Januarj 11, when the rate rose to 
56 On Januar} 29 the rate was 64, and on Februarv 4 it finalU returned to its 
previous rate of 74 

While such toxemic depiessions of the pacemakei mechanism mat 
lesult 111 these lemarkable changes m pulse rate, the prognosis foi com- 
plete lecovery of the sinus node apparently is good in most cases 
although convalescence may be piolonged In two cases not m this 
senes which have been followed since Septembei. 1924, no subsequent 
inegularity of the heait has been noted 

In contiadistinction to these cases of postinfluenzal depiessions of 
the pacemaker, the vaiious types of heait block which may follow an 
acute attack of influenza must be consideied ^ At the bedside, without 
the use of mstiumental assistance, it may be impossible to difteientiatc 



Fig 5 (case 5 ) — Partial heart block w'lth extra sj stoles , a 2 1 heart block 
with extra systoles maj simulate clinically the radial pulse of a second degree 
of sinus depression wuth escaped beats The pulse is slow’^ (36 beats a minute) 
W'lth an occasional faster (ectopic) beat Electrocardiographic studies, how- 
e\er, show' how dissimilar the tw'o conditions actually are Analysis The P 
waves are upright and occur regularly at a rate of 72 a minute Only e\en 
other P w'ave is follow'ed b}' a Q-R-S complex The P-R interval while shghth 
delayed to 024 seconds is constant The Q-R-S complex is upw'ard but delated 
m transmission to 016 seconds, the T waves are upw'ard There are two P 
waves for each Q-R-S complex, everj' other auricular beat is thus blocked 
An interpolated extrasystole from the right ventricle occurs after the second 
beat, it IS effective in opening the aortic valves Hence, it is felt in the radial 
pulse as an “extra ’ beat Diagnosis 2 1 iiartial heart block w'lth right % en- 
tricular extrasystoles 

the bradycaidial iiiegulaiities due to toxemic depiession of the pace- 
maker and those due to paitial oi ''omplete heait block w'lth extia- 
systoles Such cases aie pieseiited foi compaiison 

Case S — S , a man, aged 51, bad a historv of heart disease After a rather 
severe attack of influenza in w'hich he was markedly prostrated, his pulse rate 
fell to about 32 beats a minute, w'lth a distinct iriegularitj PliASical examination 
of the radial pulse and auscultation of the heart ga\e observations similar in 
many respects to those noted in the cases of second and third degree of sinus 
depression described in the foregoing Graphic records readih demonstrated 
how'ever, that the condition was actualh one of 2 1 heart block with extra- 
systoles arising from the right ^entrlcle 

The need for accuiate diagnosis is rathei impoitant, foi while sinus 
nodal depiession is lelatnely innocuous postinfluenzal heait block of 
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this type with exti asystoles has an ominous prognosis Electio- 
cai diogi aphic and polygiaphic studies in such conditions aie of the 
utmost importance 

While a slow, legulai ladial pulse may often accompany complete 
heait block with dissociation of auiicular and ventiiculai rhythms, a 
hiadycaidial iiiegulaiity may occui similai clinically to that due to 
both sinus nodal depiession and partial heait block Heie again 
extreme lefinement m diagnosis may be and often is necessaiy, caieful 
mstiumental methods may be essential for the complete understanding 
of the piocess Such a case is demonstiated by the following case 

C\sr 6— In a woman, aged 61, an attack of influenza had caused more 
decompensation of an alreadj damaged miocardium Tlie pulse rate whicli 
before the attack liad been from 90 to 104- now fell to 28 uith frequent 
irregularity 

A diagnosis of complete heart block was made from the graphic records, and 
the prognosis based on the information received from the tracings nas extremely 
bad, in fact, the patient died about two w-eeks after the aforementioned record 
was taken 



Fig 6 (case 6) — Complete heart block, dissociation of auricular and ^entrlcu- 
lar rhvthms simulating a third degree of sinus node depression with ^entrlcular 
escaped beats In this case the auricles and ventricles bare assumed independent 
rates without relation to each other The radial pulse is slow' (42 beats a minute) 
and regular occasionally interrupted by a faster beat Clmicallv, the pulse sug- 
gests that of both second and third degrees of sinus node depression Anahsis 
The P w'aves are upright and occur regularly at a rate of 82 a minute There 
IS no relation betw'een the P w'aves and the Q-R-S complexes , no auricular im- 
pulses ever reach the aunculoventricular node The Q-R-S complexes are down- 
w'ard and of different heights, due apparentlv to a respiratorr rotation of the 
electric axis of the heart The complex is delajed in transmission to about 
0 16 seconds The P wave is upright The i entricular complexes occur almost 
regularly at a rate of 42 beats a minute interrupted b\ an occasional faster 
beat Diagnosis Complete heart block 

COMMENT 

Get tain infectious diseases, of which influenza must be consideied 
the most common, apparently pioduce toxic substances that specifically 
poison the pacemaker mechanism of the heait These toxic substances, 
instead of accelerating the pulse rate, as is usually the case in infec- 
tious conditions with pyrexia, seem to depress the production of the 
stimulus in the sinus nodal cells so that a slowing of the pulse rate lesults 
There is no evidence that the slowing is the lesult of vagal stimulation 

Three degiees of depression of the sinus node seem to occui The 
fiist consists of a simple slowing of the pulse rate to about 60 beats a 
minute when the previously normal rate has been fiom 74 to 88 The 
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second degiee of depression of the pacemakei mechanism pioduces a 
biadycaidia of fiom 40 to 50 beats a minute with an iriegulant} winch 
m many respects clinically suggests an exti asystole, but which on 
insti uniental investigation is discovered to be escaped nodal beats 
Fuithei depression appaiently lesults in the escape of moie such beat^ 
to the extent that every other impulse may be so pioduced The third 
degree of nodal depression is so extieme that the Gallavaidm phe- 
nomenon of independent ventricular ihythm occuis’“ with an iiiegu- 
laily slow pulse of from 28 to 38 beats a minute 

The clinical importance of detecting this condition cannot be o\ei- 
emphasized, foi it may be readily confused at the bedside with paitial 
and complete heart block associated with extrasystoles While toxemic 
depression of the pacemaker mechanism is relatively innocuous and 
appaiently leaves the heait undamaged, heart block of the second and 
thud degrees following an acute infectious disease usually suggests 
extensive mischief suffered by the conducting s}stem and peihap^ 
iiiepaiable myocardial injury 

Piognosis in the lattei condition must necessarily be lathei guaided, 
and the patient’s activities closely supei vised, while the outlook in 
toxemic nodal depression is ajipaiently good with comjilete lecoven 
of the caidiac condition expected 

The diffeiential diagnosis of such clinically similai cardiopathies 
may be extremely difficult and at times impossible Foi this leason 
it may be suggested that all bradycardial irregulaiities, moie especialh 
those following acute infectious diseases like influenza, should be 
investigated by electrocardiographic and polygraphic studies to detei- 
mme the true condition of the cardiac mechanism In this waj, the 
number of sudden deaths and other cai diovasculai accidents which 
seem to be inci easing dailv may, peihaps, be avoided 

10 Gallavardin, L, and Gravier L Brad\ cardie Xodale Permancntc, Etude 

du Rhythm Atno-ventnculaire, Arch d mai du coeur 14 71, 1921 
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The Fifth A\emjE Hospital Climcs Price $5 New \ork Paul B Hoeber, 
1927 

This book includes twcnti-six articles by the attending staff of the Fifth 
Avenue Hospital, New \ork Citj Many of the papers were given at the semi- 
monthly staff meetings , the remaining articles are reprints published in con- 
nection with cases in the hospital The papers cover many fields of medicine and 
surgery and are arranged chronologically in the order in vhich they were pre- 
sented at the \arious staff meetings 

This book represents a splendid effort on the part of the attending staff to 
encourage more careful study of the clinical material in the hospital and to 
increase the value of the staff meetings 

X-Ra.\ Diagnosis By T kI\GNbS Rfdding Price ^7 New York William 
Wood &. Company, 1927 

The author addresses two hundred and twentj -eight pages on general 
roentgen-ray diagnosis to the surgeon, practitioner and student The subject 
matter is systematic, up to date, and co\ers a wide scope The intention is 
to give short discussions on the main phases of roentgen-raj diagnosis, rather 
than an exhaustive review' of anj one From this point of view' the book 
shows admirable balance and a wealth of experience on the part of the author 
The book is profuselv illustrated with well selected roentgenograms '\n 
attempt has been made to illustrate the important and t\pical lesions as far 
as possible and to omit the rare and birarre This makes it especiall}' 
valuable for the student and general practitioner 

Hamatologisches Praktiklm B\ Hans Zifmvxx' Pp 166, with 34 illus- 
trations and 3 colored charts Price, 7 20 marks Berlin S Karger, 1927 

This booklet, in German, is intended for students and practicing physicians 
as a guide in the clinical examinations of the blood It contains directions 
for making the usual cell counts and the stained preparations of the blood 
It gives the normal conditions and describes the abnormal Anemia and 
Leukemia are described, and w'lth the latter are considered a \ariet} of dis- 
eases in w'hich there is an enlargement of the Ivmph nodes Various parasitic 
diseases of the blood, certain pathologic conditions of the spleen, differential 
diagnosis, and therapeutic measures in some of the diseases arc discussed A 
summary concludes the volume 

The information obtained w'lll scarcely compensate those who have little 
know'ledge of German for their difficulty in reading the book, certain American 
laboratory texts contain in a more accessible form all of the material presented 
in this w'ork 
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CALCIUM STUDIES IN JAUNDICE 

WITH SPECIAL REFERENCE TO THE EFFECT OF PARATH\ROID 
EXTRACT ON THE DISTRIBUTION OF CALCIUM 

A CANTAROW, AID 
S AI DODEK, AID 

AND 

BURGESS GORDON. AID 

PHILADELPHIA 

In recent years considerable progiess has been made m the study 
of jaundice, but compai atively little is known about the details of the 
chemical processes in\oIved The tendency to prolonged bleeding in 
jaundiced patients has long been known Obviously this fact is of 
practical importance, since it adds greatly to the operative risk in a 
condition that often requires surgical treatment It is generall} believed 
that the hemorrhagic tendency is intimately related to some fault in the 
availability and utilization of calcium, although the exact mechanism is 
far from being tvell understood 

REVIEtV OF PREVIOUS OBSERVATIONS 

Calcium exists in the blood stream m several forms ionized and 
unionized, diffusible and nondiffusible, free and combined According to 
Howland,^ calcium phosphoiic acid and carbon dioxide are present in the 
blood in a finely balanced equilibrium, illustrated by the following 
equation 

Ca,(PO,). + 2H=COc ^ 2CaHP04 -}- Ca(HCOO= ^ 2Ca^" + 2 HPO 4 -- + 
Ca"" + 2HCOr 

Wells - states that the calcium salts are held partly in solution, partly 
in suspension and partly in the form of calcium ion protein compounds 
This condition is extremely unstable, it is subject to alteration b} slight 
changes in an}'" of the several controlling factors In addition, it is now 
recognized that the parathyroid hormone pla} s an important part in the 
maintenance of the normal calcium level and distribution 

* From the Aledical Service of Dr Thomas AIcCrae and the Department for 
Diseases of the Chest, Jefferson Hospital 

=''A part of the expense for this im estigation was defrajed bj a grant from 
Air L A Swayze, of Canton, Pa 

*Read before the College of Plnsicians of Philadelphia, June 1, 1927 

1 Howland, J Etiology and Pathogenesis of Rickets, Harvey Lectures 
18 189. 1922-1923 

2 Wells, H G Chemical Patholog}% Philadelphia, W B Saunders Com- 
pany, 1925, p 492 
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Kirk and King ^ have shown that normally all the common inorganic 
constituents of seium are diffusible except calcium, of which only from 
70 to 75 per cent is diffusible Grove and Vines ‘ state that calcium is 
present in ionized and combined forms, but that under normal conditions 
only the ionized form is found m the serum after coagulation, which 
suggests the importance of combined calcium in the mechanism of 
coagulation With such a variety of factors operating to maintain the 
normal relations of calcium in the blood stream, it is evident that a 
disturbing element may exercise its effect in seveial ways Anything 
that will alter the calcium level, the hydrogen ion concentration, the 
phosphate and the carbon dioxide content, the amount and nature of 
the proteins, the ratio of diffusible to nondiffusible calcium and of the 
ionized to the combined forms will cause some disturbance in the func- 
tional availability and utilization of calcium This, however, is not 
necessarily manifested by any change in the phenomenon of coagulation 

The characteristic feature of jaundice is the presence of an excess 
of bile pigments and bile salts in the blood Interference with the 
normal mechanism of coagulation is perhaps due to the action of these 
substances, although in advanced cases, hepatic malfunction may play a 
part through the associated diminution in the formation of fibrinogen 
Prolongation of the coagulation time does not occur in all patients with 
jaundice Lee and Vincent ° state that it is met with only to a slight 
extent in catarrhal jaundice These authors have observed no change in 
coagulation time until the jaundice was of five weeks’ duration, and 
they conclude that such change depends on the intensity of the condition 
and the amount of available tissue calcium However, as is well known, 
the hemorihagic tendency in jaundice is not incompatible with a normal 
clotting and bleeding time 

Haessler and Stebbins ° believe that in some way the bile salts retard 
the conversion of fibrinogen to fibrin This factor possibly plays a 
minor part, however, and for our purposes may be disregarded Interest 
IS particularly focused on the alteration in the distribution and functional 
availability of calcium caused by the presence of abnormal amounts of 
bile pigments in the blood and tissues 

The exact manner in which the pigments operate to diminish the 
available circulating calcium is unsettled King and Stewart " report 

3 Kirk, P L , and King, C G Calcium Distribution in the Blood, J Lab & 
Clin Med 11 928 (July) 1926 

4 Grove, W R , and Vines, H W C Calcium Deficiency and Treatment 
by Parathyroid Extract, Brit M J 1 791 (May 20) 1922 

5 Lee, R I , and Vincent, B The Relation of Calcium to the Delayed 
Coagulation of Blood in Jaundice, Arch Int Med 16 59 (July) 1915 

6 Haessler, H , and Stebbins, M G Effect of Bile on Clotting Time of 
Blood, J Exper Med 29 445, 1919 

7 King, J H, and Stewart, H A Effect of the Injection of Bile on the 
Circulation, J Exper Med 11 673, 1909 
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that the blood calcium is increased in jaundice owing to obstruction 
This obseivation was confirmed by King, Bigelow and Pearce® They 
believe that calcium combines with the pigments as a protective measure 
in an attempt to counteract their toxicity This combination appeals to 
fix the calcium in some way and to render it functionally unavailable, 
probably by lessening the degree of diffusibihty and ionization Kirk 
and King" have found that whereas normally 72 3 per cent of the 
blood calcium is diffusible, in jaundice this fraction is reduced to 55 2 
per cent They state that the percentage of diffusible calcium in jaun- 
dice IS subnormal, roughly, m proportion to the degree of jaundice 
They add that this is not the only factor that increases the coagulation 
time, as similar changes m diffusibihty occur m other conditions without 
affecting coagulation 

It IS not unlikely that the nature and amount of blood piotems aie of 
importance m this connection In certain forms of hemolytic jaundice 
and ill some cases of pernicious anemia the bilirubin content of the blood 
may be far above the normal renal threshold concentration without 
appearing in the urine Bowler and Walters ® believe that the pigment 
in such cases is fixed to the plasma proteins to some extent, lessening the 
diffusibihty of the pigment molecule and preventing its excretion The 
protein-pigment combination, uniting with calcium, increases the ratio 
of protein bound to free calcium, altering the normal diffusibihty and 
ionic relations 

When pigment deposition occuis, a considerable amount of calcium 
winch IS normally circulating and utilized is fixed m the tissues Early 
in the condition this fixation is counterbalanced by the normal calcium 
reserves, but as the intensity progresses and the degree of fixation 
increases, these reserves become relatively depleted, and in a functional 
sense, an actual calcium deficiency occurs This accounts for the fact, 
observed by Lee and Vincent,® that early m jaundice there is no change 
in coagulation time As they state, such alteration is largely dependent 
on the amount of calcium in the tissues that can be taken into the blood 

In an attempt to supply this deficiency in jaundice, calcium theiapy 
has been employed with variable results The success of oral admin- 
istration is dependent on so many factors that uniformly good results 
cannot be expected Lee and Vincent® report that large doses of cal- 
cium lactate must be given ovei a period of several dajs before any 
alteration m clotting time occurs Bowler and Waltei s use small 
amounts of calcium chloride intiavenously for a short period before 

8 King, J H , Bigelow, J E , and Pearce, L Experimental Obstructive 
Jaundice, J Exper Med 14 159, 1911 

9 Bowler, J P, and Walters, W Toxicity and Rate of Excretion of 
Calcium Chloride from the Blood Stream, Ann Surg 80 545, 1924 

10 Walters, W, and Bowler, J P Preoperative Preparation of Patients 
with Obstructive Jaundice, Surg Gynec Obst 39 201, 1924 
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operation, with appai ent success They report the interesting observation 
that twice the amount of calcium chloride injected intravenously is 
lequired to laise the blood serum calcium in jaundice to the same level 
as in normal persons This, as they say, suggests a calcium deficiency 
that IS not otherwise apparent 

Paiathyroid extiacts have been proved to exeit a piofound influence 
on calcium metabolism Their administiation results in an increase in 
the amount of available circulating calcium and also perhaps aids in its 
utilization In a previous study we observed the changes in the cal- 
cium content of the whole blood and of seium at three hour intervals 
following the injection of parathyroid extiact The lesults in six nor- 
mal cases are shown m table 1 It was noted that the rise in serum 
calcium geneially pieceded that in whole blood Furthermore, it was 
observed that the curve of whole blood calcium diffeis materially from 
that of serum, but coiiesponds more exactly than the latter to the curve 


Table 1 — Coinctdcnt Data vunations of the JVhoIe Blood and Set tun Calcium tn 
Nonjaundiccd Patients at Tluee Hoiii Intervals Folloiving the 
Adniinisti ation of Pai athyi oid Extract 
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10 43 

5 7 

14 54 

9 52 

11 4 

112 

11 04 

10 34 

10 70 

5 

9 54 

10 45 

11 99 

10 

12 2 

9 5 

98 

10 78 

807 

913 

6 

9 01 

10 09 

10 09 

10 09 

10 52 

83 

11 17 

9 52 

818 

904 


* Calciuin values arc expressed in inilligrnins per hundred cubic centimeters 


of changes in the coagulation time From this we concluded that the 
whole blood or plasma calcium content was a more accuiate index of 
changes in the blood following the administration of paiathyroid 
hormone than the seium calcium 

METHODS 

The method used foi the deteimination of whole blood calcium^" 
was based on the Clark-Colhp modification of the Kramer-Tisdall method 
for deteimining serum calcium The figuies are undoubtedly higher 
than the actual calcium content, owing to the reaction of certain con- 
stituents of the stroma of the corpuscles However, the method was 

11 Cantarow, A , Caven, W R, and Gordon, B Changes in the Chemical 
and Physical Characteristics of the Blood Following the Administration of Para- 
thyroid Hormone, Arch Int Med 38 S02 (Oct ) 1926 

12 Caven, W R , and Cantarow, A A Method for the Determination of 
Calcium in Whole Blood, J Lab & Clin Med 12 76 (Oct) 1926 

13 Clark, E P , and Collip, IB A Study of the Tisdall Method for the 
Determination of Blood Serum Calcium with a Suggested Afodification, J Biol 
Chem 63 461 (March) 1925 
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used to obtain a curve showing the changes in blood calcium after the 
injection of paiathyioid extract rather than to determine the absolute 
calcium values It was found satisfactory for this puipose, since the 
eiror was a constant one This was proved subsequently by simultaneous 
determinations of plasma calcium, coagulation being retarded by the use 
of hepaiin The cuive showing the changes m the plasma calcium was 
found almost to parallel that of the whole blood 

The present investigation was undei taken to compaie the i espouse 
to parathyroid extiact m jaundiced and in normal persons The series 
consists of fourteen cases of jaundice, one was hemolytic in type, tliiee 
were cases of hepatitis due to aisphenamine and ten were of an obstiuc- 
tive natuie, lesulting from either gallstones oi caicinoma of the head 
of the pancreas The intensity of the jaundice varied fiom 2 to 20 units 

Tablf 2 — Cotncident Determinations of the Whole Blood and Seium Calcium in 
Jaundice at Thice Houi Intel vals Following the Adminis- 
tiation of Paiathyioid Extiact 


Control 3 Honrs G Hours 9 Hours 12 Hours 





, ^ 

\ 

r- ' 

V 

/ 

Jk ^ 

/ 

, 

* X 

Case Type 

Units Blood* Serum* 

Blood Serum 

Blood Serum 

Blood Serum 

Blood Serum 

1 

Hemolytict 

2 

10 45 

10 45 

12 72 

1136 

1117 

96 

916 

9 31 

10 26 

87 

2 

Obstructive 

16 

10 59 

10 

954 

9 54 

1018 

98 

10 53 

8 43 

12 5 

913 

3 

Obstructive 

10 

12 

10 02 

11 8 

10 8 

112 

14 1 

116 

12 



4 

Obstructive 

3 

11 

9 52 

10 5 

76 

13 

10 

12 

10 



“) 

Obstructive 

n 

48 

10 

79 

10 

10 9 

10 9 

116 

10 0 



C 

Obstructive 

20 

7 5 

93 

85 

97 

88 

97 

97 

97 

85 

97 

7 

Obstructne 

8 

81 

9 65 

1136 

962 

11 47 

11 

14 75 

10 4 



8 

Obstructive 

7 

82 

11 3 

10 2 

121 

115 

12 4 

10 

116 



9 

Obstructive 

10 

49 

10 8 

91 

131 

11 3 

12 2 

84 

10 



10 

Obstructive 

15 

82 

93 


10 


10 


97 



11 

Obstructive 

10 

10 96 

10 32 









12 

Toxic hepatitis} 

8 

49 

10 5 

12 

11 

12 4 

11 

117 

9 



13 

Toxic hepatitis 

14 

7G 

12 

83 

13 

83 

13 5 

10 

13 5 

10 5 

141 

14 

Toxic hepatitis 

4 

82 

95 


95 


10 5 


10 4 




* Calcium values arc expressed in milligrams per hundred cuhic eentimeters 
t Amount of biliriihin expressed m units by the van den Borgh method 
J Caused by arsphenamine 

of bilirubin as determined by the van den Beigh test The following 
deteiminations were made clotting time by the Boggs method, and the 
calcium content of whole blood, sei um and, in some instances, 
plasma After one contiol obseivation the deteiminations were repeated 
at thiee hour intervals following the intramuscular injection of para- 
thyroid extiact The figuies for calcium aie presented in tables 2 and 3 

RESULTS OF AUTHORS^’ INVESTIGATIONS 

Coagulation Time — The clotting time in all cases before administra- 
tion of paiathyioid hormone was well within normal limits It ranged 
between thiee and five minutes, with appaiently no relation to the depth, 

14 Plasma determinations were made by the Clark-Collip method, powdered 
heparin being used to prevent coagulation m the specimen of blood 

15 The preparation used was para-thor-mone, supplied by Eh Lilly and Com- 
pany through the kindness of Dr G H A Clowes and Dr J H ^Varvel 
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duration or type of jaundice The response to the administration of the 
hoimone was similai to that previously observed in peisons who were 
not jaundiced The clotting time was reduced in all instances, the 
degree of reduction varying between 5 and 65 per cent The maximum 
effect occuired from six to twelve hours after the injection The rapidity 
of coagulation did not bear as close a relationship to the whole blood 
calcium as it did in the normal cases, but it still appeared to be much 
more dependent on this factor than on the serum calcium level 

Senan Calcttwi — The noimal range of seium calcium is from 9 to 
1 1 mg per hundi ed cubic centimetei s Tbe control values in the normal 
cases were fiom 10 09 to 10 45 mg After the admmistiation of para- 
thyroid extract, there was a tendency toward a rise in serum calcium 
within the first three houis, followed by a gradual return to noimal 
(table 1) The maximum variation occurred three hours after the 
injection 


Table 3 — Comcident DctcumnaUons of the IVholc Blood, Plasma and Scium 
Calcuim m Jaundice at Thicc Hout Intervals Follozvtng the Admnns- 
iiatwn of Paialhyioid E\liact 



Control 

3 Hours 

6 Hours 

9 Hours 

12 Hours 

1 










\ 

t 










CS 



c* 



a 






I 

S 


E 

s 


E 

E 


B 

E 


E E 


o 

c 

u 

o 

c; 

s 

o 

s 

bi 

o 

a 


o 

a fci 


« 

ti( 

c/3 

n 

fM 

V2 

B 

B 

w 

B 

B 

C/3 

B 

B 

Case 















8 

82 

14 1 

112 

10 2 

17 6 

121 

11 5 

18 7 

12 4 

10 

171 

11 0 



9 

49 

88 

10 8 

91 

17 0 

131 

113 

201 

122 

84 

101 

10 



10 

82 

96 

93 


12 

10 


12 

10 


119 

97 



11 

10 96 18 01 10 32 












13 

76 

178 

12 

63 

18 2 

13 

S3 

19 

13 5 

10 

19 5 

13 5 

10 5 

20 3 14 1 

14 

82 

12 5 

95 


15 

95 





15 2 

10 4 




* Oilcium values are e\prcssecl in niilligrnnis per Imnclrcd cubic centimeters 


In the series of patients with jaundice the control values varied 
slightly beyond noimal limits, from 9 3 to 12 mg per hundred cubic 
centimeters The response to parathyioid hormone was inconstant, 
in some instances no rise occuned, m others there were slight rises at 
vaiying intervals We do not attach significance to the absence of an 
increase in calcium in several cases, since the rise may haA^e occurred m 
an interA^al between our determinations However, the results aie inter- 
esting when compared with those of normal persons as illustrated in 
chart 1 It IS seen that the limits of variation in seium calcium are 
slightly affected by parathyroid extract in jaundiced peisons as com- 
pared with normal peisons 

Whole Blood — The whole blood calcium m the noimal gioup vaned 
between 6 43 and 9 61 mg per bundled cubic centimeters^^ Aftei the 
administration of parathyroid extract, there was a gradual tendency 
toward an increase in the blood calcium level, the degiee of variation 
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Chart 1 — Comparison between the variation in serum calcium in jaundiced 
and m normal persons before and at three hour intervals following the 
administration of parathyroid extract The area occupied by diagonal lines 
represents variation between minimum and maximum serum calcium values in 
normal persons , the area occupied by perpendicular lines represents variation 
between minimum and maximum serum calcium values in jaundice 



Chart 2 — Comparison between the variation in whole blood calcium in jaun- 
diced and m normal persons before and at three hour intervals following the 
administration of parathyroid extract The area occupied bj diagonal lines 
represents variation between minimum and maximum whole blood calcium values 
m normal persons , the area occupied by perpendicular lines represents variation 
between minimum and maximum whole blood calcium values in jaundice 
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Chart 3 — Comparison between the variation in serum and whole blood calcium 
in normal persons before and at three hour intervals following the administra- 
tion of parathyroid extract The area occupied by diagonal lines represents varia- 
tion between minimum and maximum normal serum calcium values, the area 
occupied by perpendicular lines represents variation between minimum and 
maximum normal whole blood calcium values 
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Chart 4 — Comparison between the variation in serum and whole blood calcium 
in jaundice before and at three hour intervals following the administration of para- 
thyroid extract The area occupied by diagonal lines represents variation between 
minimum and maximum serum calcium values in jaundice, the area occupied by 
perpendicular lines represents variation between minimum and maximum whole 
blood calcium values in jaundice 
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remaining appi oximately the same as before In the jaundiced patients 
the control values for blood calcium ranged between 4 8 and 12 mg per 
hundred cubic centimeters This wide variation was the first striking 
difference observed between jaundiced and normal blood The calcium 
level bore no relation to the coagulation time, degree, t}'pe or duration 
of the jaundice The injection of parathyroid extract was followed by 
a marked decrease in the degree of variation, at the end of six hours, 
and particularly after twelve hours, the range in jaundiced persons was 
practically identical with that in normal persons (chart 2) The rela- 
tionship between whole blood and serum variations in normal and in 
jaundiced persons is illustrated in charts 3 and 4 

Plasma Calcium — In some cases the calcium content of the plasma 
was determined It varied between 8 8 and 18 01 mg per hundred cubic 
centimeters m the group of patients who had jaundice The determina- 
tions after parathyroid administration were almost exactly parallel to 
those of whole blood 

COMMENT 

In reviewing these data several interesting facts might be noted 
However, there are two points which to us seem of particular sig- 
nificance first, the wide variation m the calcium content of whole blood 
in jaundice as compared with that of normal blood, second, the fact that 
after the administration of parathyroid extract this variation is altered, 
so that at the end of twelve hours the calcium content of the blood cor- 
responds almost exactly to that m normal persons tieated in the same 
manner (chart 2) 

The variation in the calcium content of whole blood is undoubtedly 
of considerable significance We have stated that the amount seems to be 
independent of the type, intensity and duration of the jaundice, and that 
it bears no relation to the coagulation time Of still greater interest is 
the fact that it is equally independent of the serum calcium content 
(table 2) For example in case 2 the patient had a whole blood calcium 
of 10 59 mg and m case 5, 4 80 mg The serum calcium content in both 
cases was 10 mg per hundred cubic centimeters It seems obvious that 
the amount of calcium which participated actively in the process of 
coagulation, and which perhaps was incorporated in the clot m protein or 
hpiodol combination, differed greatly in the two instances, being com- 
paratively large in case 2 and slight m case 5 This lelative fixation of 
serum calcium irrespective of the blood calcium level is in all likelihood 
due to the presence of the bile pigments, which bind the calcium, ren- 
dering It functionally unavailable Since most of the pigment remains 
m the serum after coagulation, the bound calcium likewise remains 
This tends to maintain the relative constancy of the serum calcium 
values as compaied with those of whole blood m jaundice The wide 
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vanation m the blood calcium must be dependent largely on cor- 
responding variations in the general calcium metabolism of the tissues, 
in the functionally available and diffusible fractions and in the amount 
fixed in the tissues by the pigments and excieted with them in the urine 
The supposition of functional deficiency is supported by the work of 
Bowler and Walters referred to previously, in which they observed 
that much more calcium chloride, given intiavenously, is necessary to 
laise the serum calcium in jaundice to the same level as m normal 
persons 

The effect of parathyroid extract on the distribution of blood calcium 
in jaundice is striking Collip states^® that in the normal animal the 
function of the parathyroid hormone “appears to be that of a regulator 
of calcium metabolism, and its action is primarily as a calcium mobilizer ” 
We have shown that in jaundice there is a disturbance of calcium metab- 
olism of varying degree, evidenced by the abnormal distribution of 
calcium in the blood stream In twelve hours after the administration 
of paiathyroid extiact the distribution of calcium is temporarily prac- 
tically identical in jaundiced and in normal peisons Evidently the 
hormone tends to restore the normal balance between blood and tissues 
in an attempt to remedy the existing functional deficiency One evidence 
of the success of this attempt is the reduction of the coagulation time, 
suggesting an increase in the availability and utilization of the calcium 
of the blood Thiough increasing the functionally available calcium the 
tendency to slow, protracted hemorrhage of a diffuse nature may be 
lessened, as noted in incised tissues in jaundice often associated with a 
noimal coagulation and bleeding time As previously suggested, this 
favorable effect is perhaps due to a decrease in the peimeabihty of 
the capillary walls, aided, undoubtedly, by the increased coagulability of 
the blood following administration of parathyroid extract 

CONCLUSIONS 

1 In jaundice it is evident that a functional deficiency in calcium 
exists piobably due to the increased amount of bile pigments in the 
blood and tissues 

2 The calcium content of whole blood, plasma and seium and the 
coagulation time have been determined at three hour interv'^als after the 
injection of parathyroid extiact The obseivations in jaundice are com- 
pared with those in nonjaundiced persons 

3 The serum calcium values varied slightly, ranging from 9 3 to 
12 mg per hundred cubic centimeters in jaundice There was an 

16 Collip, J B The Calcium Mobilizing Hormone of the Parathyroid 
Glands, J A M A 88 566 (Feb 19) 1927 

17 Gordon, B , and Cantarow, A The Use of Parathyroid Extract in 
Hemorrhage, J A M A 88 1301 (April 23) 1927 
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extremely wide variation, however, in the calcium content of whole 
blood, the figures ranging between 48 and 12 mg per hundred cubic 
centimetei s 

4 Twelve hours aftei the administration of the paiathyroid hormone 
the variation in the whole blood calcium of jaundiced and nonjaundiced 
patients was practically identical 

5 Parathyroid extract acts as a mobilizer of calcium , in jaundice it 
tends to restore the normal distribution and functional availability of 
this element 

6 The favoiable effect of the hormone on the tendency of jaun- 
diced tissue to bleed is due largely to the increased coagulability of 
the blood and probably to the diminished permeability of the capillary 
walls, the result of an increase in functioning calcium 



THE STORAGE OF WATER BY VARIOUS TISSUES 

OF THE BODY=‘ 

HAROLD SKELTON, M Sc 

LITTLE ROCIv, ARK 

While It IS well known that watei plays an extremely important role 
in the economy of the body, and that it is the most abundant constituent, 
making up 90 pounds (40 8 Kg ) of a man weighing 143 pounds (649 
Kg ), theie have been few investigations concerning the exact distribu- 
tion of this water in the animal as a whole, although the water content 
of many individual organs has been determined 

The puipose of my work is to show the distiibution of the water in 
mammals and to determine whether theie are water depots in the body 
similar to the glycogen and fat depots, and, if such exist, to stud)'’ a few 
of the factors influencing the storage or dischaige of fluids from them 
My purpose is also to determine the relative importance of the different 
tissues of the body as water depots 

DISTRIBUTION OF WATER IN MAjMM\LS 

All tissues contain water, even the enamel of teeth Blood, I)mph, 
digestive juices, urine, sweat, feces and expired air are from 80 to 
90 pel cent watei , the organs and softei tissues, about 75 per cent 

Table 1 shows the percentage of water in the body and in the dif- 
ferent organs in relation to then weight, for man, lat, dog, cat and rabbit 
This table reveals that the water content of the coi responding oigans in 
the difteient animals is appi oximately the same If one should examine 
the liteiature cited, one would find that the diffeiences in the water con- 
tent of the corresponding oigans between man and these animals (except- 
ing only a few instances) do not vaiy more than the figuies given by 
the different authors for the oigans of man Paiticulai attention is called 
to the small diffeiences between the figuies foi man, for the cat and for 
the rabbit It is also shown that the tissues containing the highest per- 
centage of water are those which are concerned with the transportation 
of water, and which are under continuous activity, that is, the blood and 
the heart, also those concerned in the excretory process, namely, the 
lungs and the kidneys 

The tissues having the lowest percentage composition of watei, such 
as the skeleton and the skin, form the framewoik and protective cover- 
ing of the body The liver also ranks among those being low in water 
content 

The intestine and skeletal muscle rank intermediate to the other 
tissues and organs 


* From the Department of Physiology, University of Minnesota 
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Table 1 — Peicentage of Wate7 %n Oigans vi Relalwji to Then IVeight 


Organs 

Man* 

Skin 

72 03 

Muscles 

75 67 

Skeleton 

22 01 

Brain 

74 81 

Spinal cord 


Liver 

68 25 

Heart 

79 21 

Lungs 

78 96 

Kidney 

82 68 

Spleen 

75 77 

Blood 

83 

Intestine 

74 51 

PMtire body 

63 


Eatt 

Dogt 

Cat§ 

Eabbiti; 

771 

58 9 

083 

714 

76 2 

73 5 

71 5 

75 OS 

47 4 

3100 

32 8 

20 51 

77 5 

75 03 

78 

77 93 

0913 

09 53 


09 42 

74 

73 7 

079 

75 8 

77 6 

78 39 

78 40 

78 58 

816 

78 7 

70 3 

77 05 

771 

76 72 

75 3 

78 80 

774 

78 0 

78 2 

80 

80 82 

828 

807 

82 8 

76 36 

75 4 

78 3 

78 4 

65 3 

65 7 

612 

088 


* Bisehofl, E Ztschr f rat Med 20 75, 1863 Engles, W Arch 1 c\per Path u 
Pharmakol 51 . 316, 1901 Herman, L Handbueh der Physiologie O 315, 1891 
t Donaldson, H H Memoirs of the W stor Institute, Philadelphia, 1915 
t Engles, W Arch f e\per Path u Pharmakol 51 310, 1901 Stci^art, G N Am J 
Phjsiol 58 15, 1921 

S Volt, von Carl Ztschr f Biol 2 353, 3866 
11 Krause, W Zwfiite Auflage, Leipz , 1881 


Table 2 — Pei centage Weight of Oigans in Relation to Body Weight"^ 


Organs 

Man 

Eat 

Dog 

Cat 

Babbit 

Skin 

18 

IS 01 

1611 

13 91 

13 2 

Muscle 

417 

45 4 

42 81 

45 36 

52 2 

Skeleton 

15 9 

10 9 

17 39 

12 07 

12 4 

Brain 

2 01 

0 46 

1 37 

1 01 

058 

Spinal cord 


016 


007 

018 

Liver 

2 26 

4 17 

30 

2 90 

52 

Heart 

0 47 

0 31 

0 81 

0 37 

088 

Lungs 

0 69 

0 53 

088 

0 51 

121 

Kidneys 

0 37 

0 78 

0 65 

0 81 

0 71 

Spleen 

018 

0 25 

0 22 

028 

01 

Blood 

49 

55 

7 

4 10 

6 75 

Intestine 

181 

3 90 

6 0 

38 

4 

Eest of bodj 

463 

2 89 

2G3 

41 

188 


* The footnotes for this table are the same as those for table 1, Mith the exception of 
those referring to the column on “Man,” which are as follo^^s Bisehofl, E Ztschr f rit 
Med 20 75, 1863 Engles, W Arch f exper Path u Pharmakol 51 310, 1901 


Table 3 — Distribution of Water to Various Oigans as Computed from Values 
Set Foith in Tables 1 and 2 When Body Weights Aie Man, 65 Kg , 

Rat, 450 Gin , Dog, 4 Kg , Cat, 2 Kg , Rabbit, 2 5 Kg 


Man 


Organs 

0 W 

G W 

Skin 

11,700 

8,437 5 

Muscle 

27,105 

20,510 

Skeleton 

10,335 

2,277 
977 7 

Brain 

1,306 

Spinal cord 
Liver 

1,409 

1,002 5 

Heart 

305 5 

2419 

Lungs 

448 5 

354 1 

Kidnevs 

240 5 

198 8 

Spleen 

117 

886 

Blood 

3,195 

2,651 

Intestine 

1,176 5 

876 9 

Eest of body 


6,016 

Total 


40,950 


Eat Dog 

A 


0 V? 

G Vf 

0 IV 

G W 

81 

62 45 

644 4 

379 5 

204 

155 6 

1,713 6 

1,259 

49 

232 

695 6 

220 2 

2 

16 

54 8 

411 

07 

05 



18 7 

13 8 

144 

1061 

1 5 

1 1 

32 4 

25 3 

23 

19 

352 

27 7 

35 

27 

26 

19 9 

11 

09 

88 

69 

21 7 

20 

280 

2318 

17 8 

13 6 

200 

190 


61 


114 


293 8 


2,628 


Cat Babbit 

— » » 


K. 

s 

/ 

, 

G W 

0 W 

G W 

0 W 

278 8 

190 4 

330 

235 6 

907 2 

675 8 

1,305 

979 7 

253 4 

831 

310 

030 

20 8 

20 5 

14 6 

U3 

54 


47 

32 

59 2 

401 

130 

98 5 

74 

58 

22 

17 2 

13 8 

10 5 

31 

21 

74 

55 

17 7 

13 9 

5 6 

43 

25 

2 

89 2 

77 3 

108 7 

139 

78 

59 5 
114 

100 

78 

SIS 


1,281 1,171 


0 W indicates weight of organ m grams, G W , grams of u ater m the organ 
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Table 2 is a tabulation of the peiceiitage weights of various organs 
of man, rat, dog, cat and rabbit in relation to body weight Attention is 
again directed to the fact that this weight in the different animals does 
not vary any more than the figures foi any one organ within the same 
species 

The weights of the different organs and the grams of watei each 
contains in the individual animals of a given weight are tabulated in 
table 3 This table shows that a man weighing 65 Kg contains over 
409 liteis of water and that a cat weighing 2 Kg contains over 128 
liters, which is distnbuted to the various organs as shown m table 5 
Examination of tables 3 and 4 shows that nearly half of the water in 
the body is in the muscle, the most active and most frequentl}' used 
tissue of the body The skin contains about one fifth of the water in 
the body The gieat importance of evaporation of water from the skin 
in maintaining a constant body temperature must be remembered 
Although the blood mass represents but 5 per cent of the body weight, 
It IS 82 per cent watei and occupies third place among the tissues m 
water content It contains, then, m a man weighing 65 Kg , approxi- 
mately 2 65 liters of water as compared to the 37 to 38 liters of water 
found m the other tissues 

The water of the blood is not distnbuted equally between the cor- 
puscles and plasma, which make up from 40 to 60 per cent of whole 
blood, respective!}- I have found plasma to be approximately 92 per 
cent water and corpuscles 68 per cent 

In table 3 it is seen that a man weighing 65 Kg has about 3,195 
Gm of blood, of which 2,651 Gm is watei Of this whole blood, 1,533 6 
Gm are corpuscles, and 1,661 4 Gm are plasma Fiom these figures, I 
find that the corpuscles contain 869 04 Gm , or 33 per cent, of the water 
in the blood The plasma contains 1,763 64 Gm or 67 per cent 

It IS this 1 76 hteis that gives the blood its fluid consistenc} and 
enables it to serve its important function of supplying food, oxygen, 
and other necessities (internal secretions, hormones and enzymes) to the 
tissue of the body, and of relieving the other 38 liters of waste material 
to transport it to the proper localities for its discharge from the body 

It IS interesting to note in table 4 that the body water in the different 
species IS disti ibuted similarly to that in man 

PREVIOUS WORK ON WATER DEPOTS OE THE BODY 

It IS known that after a hemorrhage, watei is draAvn from the tissues 
into the blood stieam, and that salt solutions injected into the blood 
stream disappeai lapidly 

Although these facts concerning hemorihage and intiavenous injec- 
tion of salt solution have long been known, no one has made an attempt 
to determine where the fluid comes from in hemoi rhage, and only Engles 
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has attempted to show to what tissues it goes m the case of injected salt 
solution He found that following intravenous injection of phjsiologic 
sodium chloride solution, all the tissues except bone became “\sater\ ’ 
The muscles, skin and kidneys take up the greater proportion, increasing 
their percentage amount of water 3 86, 3 23 and 3 83 per cent, respec- 
tively The muscles representing 40 per cent of the body weight take 
up more than two thirds of any added water, but continue to act nor- 
mally in spite of the added moisture 


Table 4 — 

■Pci ccntagcs of Entiic 

Amount of JVatei in Bodv 

Held by 

J'ai lOUS 


Tissues as Computed ftom 

Values 

Given in Table 3 



Organs 

Man 

Rat 

Dog 

Oat 

Rabbit 

Skin 


206 

21 2 

14 4 

14 8 

13 7 

Muscle 


43 4 

51 9 

47 9 

52 6 

56 9 

Skeleton 


55 

69 

83 

64 

37 

Brain 


23 

056 

156 

1 59 

0 63 

Spinal cord 



OOOl 



018 

Ln er 


24 

472 

4 03 

32 

5?2 

Heart 


0 58 

04 

096 

0 45 

1 

Lungs 


086 

0 66 

1 05 

0 81 

1 39 

Kidnej s 


0 48 

0 92 

0 75 

0 43 

OSl 

Spleen 


0 21 

03 

026 

0 34 

0 11 

Blood 


6 47 

68 

882 

6 02 

812 

Intestine 


214 

4 63 

7 45 

563 

4 35 

Rest of bodj 


14 86 

111 

4 44 

864 

315 


Table S — Litcis of IVafci Distiibufed in the Vanous Oigans in a Man Weighing 
65 Kg and in a Cat Weighing 2 Kg 

Organ' 

Man 

Cat 

Muscle 

17 7 

06 

Skin 

S4 

01 

Blood 

2 65 

007 

Skeleton 

2 27 

OOS 

I iver 

I 

004 

Brain and cord 

0 97 

0 02 

Intestine 

0S7 

0 05 

Lungs 

0 35 

0 01 

Heart 

0 24 

0 005 

Kidney s 

019 

0 005 

Spleen 

0 08 

0 004 


In his woik, Engles used dogs in senes On one series he made 
detei minations of normal water content, on another, of the water con- 
tent of the tissues after intiavenous injection of physiologic sodium 
chloiide solution Since muscle constitutes 40 per cent of the body 
weight and takes up more than two thirds of any added water, he assigns 
to muscle the gieatest importance as water depot 

MY EXPERIMENTS 

In my expeiiments I ha\e detei mined the water content of a few of 
the most important tissues before and after alteiing the water suppK on 
the same animal, m an attempt to show from what tissues most of the 
water comes after a hemorrhage and to what tissue it goes when injected 
as salt solutions 
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The experiments were carried out on cats in the following mannei 

1 Preliminary experimental care of the animal was disregarded except in the 
first senes, in winch the alteration of the water balance was effected by hemor- 
rhage The animals had had (a) no previous experimental care, (b) no food or 
fluid for thirty hours previous to the experiment and (c) only water for five days 

2 The cats were anesthetized with ether and their weight was recorded 

3 The hair was clipped closely and evenly from the legs, abdomen and neck 

4 A cannula was put in the carotid artery in order to obtain specimens of 
blood 

5 The abdominal wall was opened, but closed immediately with hemostats in 
order to prevent the loss of water by evaporation 

6 The gastrocnemius muscle was exposed, and the opening was closed with a 
hemostat in order to prevent the muscle from losing water by evaporation 

7 The animal was prepared so that all specimens could be taken almost 
instantaneously Two samples of each tissue (skin, muscle, spleen, intestine, liver 
and blood) were placed in weighing bottles that had been accuratelj i\eighed 
Two samples of each tissue were taken for the purpose of having a check 

8 A sample of blood (2 cc ) for hemoglobin was collected in a small bottle 
containing a few crj'stals of potassium oxalate 

9 The kidneys were tied off in order to decrease the loss of water from 
the body 

10 Alteration of tiie water balance was made by one of the following 
procedures 

(а) Hemorrhage, 15 cc per kilogram of bodv weight 

(б) Intravenous injection of distilled water, 25 cc per kilogram 

(c) Intravenous injection of 0 45 per cent sodium chloride, 20 cc per kilogram 

(d) Intravenous injection of 09 per cent sodium chloride, 20 cc per kilogram 

(c) Intravenous injection of 1 8 per cent sodium chloride, 20 cc per kilogram 

(/) Intravenous injection of 06 per cent calcium chloride, 20 cc per kilogram 

(p) Intravenous injection of 1 2 per cent calcium chloride, 20 cc per kilogram 

(/i) Intravenous injection of 2 4 per cent calcium chloride, 20 cc per kilogram 

11 Thirty minutes were allowed for an effect to take place All incisions were 
kept closed with hemostats, and the body was covered with a sheet 

12 Samples of tissue were clipped from as nearly the corresponding place on 
the other side of the body as possible Two samples were also taken here for a 
check 

13 The samples were weighed and put m an electric oven at from 102 to 104 C 
until the weight became constant 

14 After cooling the samples in a desiccator over sulphuric acid, the weight 
was taken, and the percentage of water in each sample was calculated 

The method used in making determinations of hemoglobin consisted in taking 
the sample of blood collected before the water balance was altered as 100 per cent 
The second sample, taken thirty minutes after the water balance was altered, was 
compared with the normal in a colorimeter The three-way tap pipet described 
by Scott ^ was used to insure exactly the same amount of blood in each case 
The technic was so developed by experience that I was able to obtain samples 
of each tj'pe of tissue varying not more than 0 04 Gm in weight My next diffi- 
culty was to consider the blood content of these tissues 

Naturally, the blood content of these tissues would greatl}"^ alter my deter- 
minations of water To overcome this difficulty, I cut the sample in pieces and 
allowed the blood exuding from each piece to be absorbed by paper toweling 
Each sample was treated in exactly the same manner to the minutest detail 

1 Scott, F H Factors Influencing the Interchange of Fluid Between Blood 
and Tissue Spaces I Blood Pressure, Am J Physiol 44 298, 1917 
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The next difficulty to overcome was that of obtaining dry tissue Because it 
IS so highly hydroscopic, Benedict expressed his doubt, in a personal conversation, 
as to whether any one had ever obtained dry tissue I dried a few samples of 
tissue m an electric oven from 102 to 104 C over a period of from twenty-four 
to thirty-six hours 

Samples of muscle weighing 0 183 Gm immediately aftei remov- 
ing from the oven increased m weight by 0 024 Gm or 24 mg when 
exposed to the air for five minutes When exposed m a desiccator for 
the same length of time, a sample of muscle weighing 0 2 Gm increased 
its weight by 0 016 Gm or 16 mg Other samples dried in the oven at 
the same temperature and over the same time did not gam in weight if 
the stopper was placed on the weighing bottle before removing it from 
the oven Some of these samples were exposed m the air and others 
were left m the desiccator for a week without undergoing any noticeable 
change 

Believing these difficulties to be overcome, I proceeded with the con- 
trol experiments, which consisted of carrying out the experimental 
piocedure as just outlined, eliminating only the factor altering the water 
balance Results from a series of five control experiments show that 
the percentage of water in the tissues examined did not vary more than 
0 2 of 1 per cent at the most in any case I considered 0 3 per cent as 
the limit of eiroi 

After establishing the reliability of my procedure and methods, I 
proceeded with the experimental work, the lesults of which arc shown 
in the accompanying tables , those foi hemoi rhage ai e given in detail to 
show the type of data used , those for the injections of watery solutions 
are summarized in table 10 


COMMENT 

Table 7 shows that severe hemoi ihage lesulted m the blood becoming 
more “watery,” while the othei tissues of the body lost water This 
result was true whethei the animal was staived, given onl}’’ water or 
taken direct from stock before the expeiiment 

Tables 8 and 9 show the aveiage results Although the greatest 
amount of water entering the blood stieam after hemorrhage in normal 
cats from stock (cats 1 and 2) comes fiom the muscles, they lost the 
least amount (0 5 Gm ) of watei for each hundied grams of tissue This 
IS also tiue of the results obtained with cat 5 (water only foi five days) 
In this case 45 2 per cent of the watei entering the blood stieam came 
from the muscles at the rate of 09 Gm foi each hundred grams of 
tissue In these same expeiiments, the next greatest amount (11 per 
cent) of water came from the skin The Iwei contributed approximately 
, the same percentage (3 5 per cent) as the intestine (3 6 per cent) m 
cats 1 and 2, but gav^e a much larger quantity in the experiment with 
cat 5 
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Further study of these experiments sho^^s that for each hundred 
grams of tissue the Iner lost the greatest amount of water (2 1-3 2 Gra ), 
while the intestine and the skin lost appi oximately the same amount (16 
and 1 2 Gm ) 

These results bear an analogy with Starling s= iiitei pretation of the 
relative permeability of capillaiies m different parts of the bod}' He 
found that lymph from muscles of the limbs was from 2 to 4 pei cent 
protein, that from the intestine, from 4 to 6 per cent, that from the 
liver, from 6 to 8 per cent From this he deducted that the capillaries of 
the liver were the most peimeable, those of the intestine next and those 
of the muscle the least This paiallels the results already mentioned, 


Table 8 — Souice of Fluid Entciuig Blood Sticavi Expi csscd vi Pci cciitagc of 
Amount Coming fiom J'anous Tissues 


Cat 

Skm 

Muscle 

Ln er 

Intestine 

Spleen 

1 

a 3 

14 9 

3 3 

34 

013 

2 

12 7 

14 

3S 

3S 

0 03 

Average 

11 

14 45 

35 

36 

OOS 

3 

3S 

IG 

S3 

31 

034 

4 

49 

IG 

S4 

21 

0 42 

Average 

43 5 

16 

SS5 

26 

0 07 

5 

30 

45 2 

10 4 

0 74 

0 72 


Table 9 — Amount of Fluid Given Up by 100 Gm of Tissue Follouing Henioi- 

ihagc Computed fiom Table 6 


Cat 

Skin 

Muscle 

Liver 

Intestine 

Spleen 

1 

12 

00 

22 

19 

1 

2 

12 

04 

2 

13 

06 

Average 

12 

0 5 

21 

16 

08 

3 

32 

04 

3 2 

09 

33 

4 

4 

039 

32 

07 

217 

Avenge 

36 

04 

32 

OS 

2 73 

5 

2 1 

09 

32 

1 75 

0 25 


that IS, that muscle, with the least peimeable capillaiies, lost the least 
watei per unit mass of tissue, and that the liver, with the most 
permeable, lost the most pei unit mass 

An aveiage of the results fiom cats 3 and 4 (no food or fluid foi 
thirty-two and seventy-two hours, respectively) shows that the skin con- 
tributed not only the greatest amount (3 6 Gm ) for each hundred grains 
of tissue, but also a gieatei peicentage (43 4 per cent) of the fluid 
entering the blood stream than any of the other tissues This was not 
onl}' an inciease o\er the amount lost for each unit mass of tissue in 
cats 1 and 2, but also an inciease in the peicentage of water it conti ibiited 
toward that entering the blood stieam 

The next greatest peicentage (16 per cent) came from the muscles, 
but at the rate of only 0 4 Gm pei hundred grams of tissue Tins v as 

2 Starling, E H The Influence of Mechanical Factors on L-smph Produc- 
tion, J Physiol 16 224, 1894 
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SKELTON— WATER STORAGE 

by far the least amount of water lost per unit mass b} any tissue in 
these experiments 

Of the total amount of fluid entering the blood stieam, 8 35 per cent 
came from the liver at the rate of 3 2 Gm per hundred grams of tissue 
This was an increase of 1 Gm of water for each hundred grams of 
tissue over the lesults with cats 1 and 2 It is nearly as much as for 
each unit mass of skin, and half as much as for each unit mass of 
muscle Here one must recall that there is approximately fifteen times 
as much muscle as liver in the cat, and yet muscle lost only twice as much 
water as the liver 

The intestine ranks fouith m regard to the amount (2 6 per cent) 
of watei that came from it after the hemoirhage For each hundred 
grams of tissue it lost 0 8 Gm of water, being 0 3 of a Gm more than 
that lost by muscle 

For each hundred grams of its tissue the spleen lost 2 73 Gm of 
water, but because of its size, only 0 07 per cent of the fluid that entered 
the blood came from it 

Examination of table 10 shows that distilled water leaves the blood 
stream more rapidly than any of the other solutions Solutions having 
a higher salt content left the blood more slowly, and the increase m watei 
content shown by the tissues decreased With isotonic sodium chloiide 
there was no change in the watei content of muscle, but there was a 
decrease in its water content thirty minutes after the injection of hyper- 
tonic sodium chloiide Following the injections of hypotonic calcium 
chloride, the tissues did not show as big an increase m their water content 
as they did when hypotonic sodium chloride was injected With the 
exception of muscle, the tissues did not become as “watery” as they did 
after the injection of isotonic or even of hypertonic sodium chloride 
There was also a greater percentage of the injected solution remaining 
in the blood stream at the end of thirty minutes than there was when 
hypertonic sodium chloride was injected 

Only 26 per cent of the isotonic calcium chloride solution injected 
had left the blood stream at the end of thirty minutes Muscle and skin 
both showed a decrease in their water content after its injection 

Following the injection of a 2 4 per cent solution of calcium chloride, 
tjiere was more water (above normal amount) m the blood stream at 
the end of thirty minutes than had been injected The principal source 
for this water was the skin, and the next most important source was the 
muscle , some came from the intestine, but little came from the spleen 

Following the injection of distilled water or the hypotonic salt solu- 
tions, the increase m the water content of the tissues as expressed in 
grams of water taken up by 100 Gm of tissue is parallel to Starling s 
inteipretation of the permeability of the capillaries in those regions 
The liver showed the greatest increase for each hundred grams of its 
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tissue, while the muscle showed the least It is worthy of note, how- 
ever, that muscle took up a largei peicentage of the water added per se 
than any other tissue Livei took up the next greatest amount, skin, 
the third greatest amount, the intestine, the fourth largest amount and 
spleen the least 

This was 1 datively tiue when hypotonic salt solutions were injected, 
except that skin not only showed an inciease of moie pei unit mass of 
tissue than it did with distilled water, but it also absorbed a gi eater per- 
centage of the injected fluid than did the liver When isotonic sodium 
chloride was injected, the skin not only showed an inciease of more 
water per unit mass of tissue than it did following the injection of the 
hypotonic solution, but also contained a greater percentage of the fluid 
injected than any other tissue Likewise, following the injection of a 
hypertonic sodium chloride solution, the skin showed a still greater 
increase in water content pei unit mass of tissue than it did with isotonic 
sodium chloiide, theie was also an inciease in the percentage amount of 
the injected fluid that it had taken up 

The injection of isotonic sodium chloride solution did not result in 
an alteration of the water content of muscle, but after the injection of a 
hypertonic solution there was a diminution in its water content 

This result differs fiom that of Engles,^ who found that muscle 
increased its water content by 3 86 per cent following the injection of 
physiologic sodium chloiide His woik was earned out on dogs in 
series and not as a complete experiment on one animal 

In his woik on the significance of the tissues as a depository for 
chlorine, Wahlgren ^ found that the muscles not only had the 
lowest percentage of chlorine content, but also inci eased their percentage 
amount the least when chloiine was given intravenously in the form of 
sodium chloride He also found that water passed from the muscles into 
the blood after intia^venous infusion of hypei tonic sodium chloride 
solutions 

The lesults of Tashiro,® who observed the effect of injecting hypo- 
tonic and hypertonic saline on the water content of striated muscle of 
rabbits obtained the same results as I did on that tissue 

Injection of 1 2 per ce^it calcium chloiide resulted in a marked 
decrease m the water content of the skin and muscle, but in an inciease 
in the water content of the liver, intestine and spleen The muscle lost 
more (4 3 Gm ) for each hundred grams of its tissue than the skin The 

3 Engles, W Die Bedeutung der Gewebe als Wasserdepots, Arch f exper 
Path u Pharmakol 51 346, 1904 

4 Wahlgren, V Ueber die Bedeutung der Gewebe als Chlordepots, Arch 
exper Path u Pharmakol 61 97 (Sept 30) 1909 

5 Tashiro, N Changes in Water Content of Striated Muscles Caused bj 
Disturbances of Water Metabolism of Rabbits, Arch f exper Path u Pharmakol 
3 218, 1926 
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intestine showed an increase of 2 6 Gni of water for each hundred grams 
of tissue as compaied to 2 4 Gin foi each hundred giains of tissue in the 
liver and in the spleen 

Theie was a marked depletion in the water content of all the tissues 
following the injection of 2 4 per cent calcium chloride solution The 
effects of this injection paiallel those obseived after seveie hemoirhage 
The blood became more “wateiy” than could be accounted foi by the 
fluid injected, and all tissues lost water The muscle lost the least per 
unit mass of tissue and, with the exception of skin, the livei lost the 
most 

SUMMARY AND CONCLUSIONS 

1 The distribution of water in man and in the rat, dog, cat and 
labbit given in table 4 shows that approximately half of the body water 
IS in the muscles The skin contains about one fifth of the water in the 
body, and the blood about 7 pei cent Of the water in the blood, 67 per 
cent IS in the plasma and 33 per cent is in the coipuscles 

2 All the tissues lost water after hemorrhage The amount of water 
enteiing the blood came fiom the organs m the following ordei (tables 
8 and 9) 

A In cats having a normal supply of water in their tissues (1) 
muscle, 14 45 per cent, skin, 11 per cent, intestine, 3 6 pei cent, liver, 
3 5 pel cent, spleen, 0 08 per cent (2) Pei hunched grams of tissue, the 
order was as follows liver, 2 1 Gm , intestine, 1 6 Gm , skm, 1 2 Gm , 
spleen, 0 8 Gm , muscle, 0 5 Gm 

B In cats that had been deprived of water and food for five days 
(1) skin, 43 5 per cent, muscle, 16 per cent, liver, 8 35 per cent, intes- 
tine, 2 6 per cent, spleen, 0 07 per cent (2) Per hundred grams of tis- 
sue skin, 3 6 Gm , liver, 3 2 Gm , spleen, 2 73 Gm , intestine, 0 8 Gm , 
muscle, 0 4 Gm 

3 Following the injection of distilled water or hypotonic salt solu- 

tions, the fluid leaving the blood stream at the end of thiity minutes was 
distiibuted to the tissues in the following ordei (table 10) (1) muscle, 

13-21 per cent, liver, 9 5-5 5 pei cent, skin, 5 8-11 per cent, intestine, 
2 7-4 5 per cent, spleen, 01-0 8 per cent (2) Per hundred grams of 
tissue, the amount added was as follows livei, 7 6-3 Gm , intestine, 
2 1-1 3 Gm , spleen, 1 6-0 8 Gm , skm, 1 1-1 9 Gm , muscle, 0 7-1 1 Gm 

4 Following the injection of isotonic and hypertonic sodium chloride 
solutions all tissues, except muscles, showed an increase in their water 
content 

A After isotonic sodium chloride, there was no change in the water 
content of muscle, while there was a decrease in its content after hyper- 
tonic sodium chloride was injected 
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B The skin showed a gi eater inci ease in its water content the greater 
the sodium chloiide content of the injected solution Its increase per 
unit mass of tissue was least after distilled watei and gieatest after 
hypertonic sodium chloride was injected 

5 Following the injection of 1 2 per cent calcium chloride solutions, 
the muscle and skin showed a deciease in their watei content Muscle 
showed the gieatest difference per unit mass of tissue The intestine 
showed an inciease of 2 6 Gm of tissue as compaied to 2 4 Gm for 
each hundred grams of tissue in the liver and of the spleen 

6 The lesults after injecting 2 4 per cent calcium chloiide were 
parallel to those after hemoiihage 

7 Although the muscle contains nearly one half of the body water, 
and loses the least per unit mass of tissue, it gives up moie fluid than 
any other tissue when the animal is deprived of fluid, and takes up b) far 
the greatest poition of any watei added as water per se or as a hypo- 
tonic salt solution It would seem justifiable, therefore, to indicate 
muscle as the most important water reser\e of the body, it stoies the 
greatest quantity of any excess, and acts as a safeguaid against the loss 
of too much water fiom the body 

8 The impoitance of skin as a reserve to take caie of any excess 
fluid, especially when added as a sodium chloride solution, must not be 
overlooked The experience with partially dehydrated animals indicates 
that skin will furnish the greatest quantity of water to the body if a 
further dehydration should occur 

9 The liver and the intestine appear to respond more quickly than 
any other tissues when there is an alteration in the water content of the 
body 

10 The piomptness and the degree of reaction of the \aiious tissues 
examined to any alteration in the fluid content of the body bear a rela- 
tion to Starling’s interpietation of capillaiy permeability This is par- 
ticularly true in the case of hemorihage, or when distilled water or 
hypotonic salt solutions are injected 



RELATIVE HYPOTENSION OF FOREIGNERS 

IN CHINA “ 

C L TUNG, MD 

ITKING, CHINA 

It has been the common expenence m studying groups of healthy 
Chinese to find that the blood pressuie, both systolic and diastolic, is 
lower than that in occidental laces Table 1 summarizes the results of 
se\ ei al m\ estigations 

In the AVest, with special refeience to the United States, Alvarez 
found that the a\eiage S 3 'stohc blood piessure of 6,000 healthy men, 
langing in age from 16 to 40 }eais, was 129 millinieteis of mercury and 
m women 117 From a group of 141 840 persons of both sexes, ranging 
in age fiom 20 to 44 }Tars, Symonds - obtained an average systolic blood 
prc'^sure of 125 and a diastolic piessuie of fiom 80 to 84 According to 


T MILE 1 — Rcco}d<! of Blood Picssiiic of Chinese Men 








Average 

Average 





Number 


Systolic 

Diastolic 





ol 


Pressure, 

Pressure, 


Author 


Locnhtj 

Subjects 

Age 

Mm Hg 

Mm Hg 

Kao (Niil M 1 

China S 

101, i^n) 

Hunan 

(Central China) 

63 

21 to 23 

116 

71 

Kno (Nnt M J 

China S 

101, 1022) 

Hunan 

10 

26 to 12 

113 

71 

C i(lbur\ (Cliinn 'll T *17 

$■23, 1923) 

(Central China) 
Canton 

700 

13 to SO 

101 

C3 



(South Chinn) 





Kflliorn (Clilm 

•M J 10 

1, 102G) 

Szechuan 
(West China) 

rti 

It to 31 

111 

70 

line (Chfnn M 

,T to on 

1 19’G) 

ShnoEhlnc 
(East China) 

1S2 

21 to 50 

113 

72 


the a\ailable evidence, theicfoie, the aveiage sjstohc piessure of healthy 
adults in the United States is appioximately 125 and the diastolic 80, 
with slightl} low'cr figuies (from 5 to 10 low^er) for women, while the 
a\crage sNstolic piessuie of Chinese is about fiom 110 to 115 and the 
diastolic about 70 

Although both the systolic and the diastolic blood piessuie of the 
Chinese is knoivn to be about 10 lowei than that of westerners, 
little study has been made of the eftect of lesidence in the Onent on the 
blood piessuie of ivcsteineis Musgrave and Sison^ w^eie the first to 
point out an appai ent loivei mg of blood pi essure following residence in 
the 1-^hihppines foi fiom one to ten yeais or more Their figures, based 
on the blood piessure of ninety-seven foieigneis (vaiying m age from 

’''From the Department of Medicine, Peking Union Medical College 

1 Alvarez, V' C , Wulzcn, R, and Mahoney, L J Blood Pressure m 
15,000 University Freshmen, Arch Int Med 32 17 (July) 1923 

2 SjTnonds, B The Blood Pressure of Healthy Men and Women, J A 
M A 80 232 (Jan 27) 1923 

3 Musgrave and Sison Philippine J Sc, Sec B 5 325, 1910 
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25 to 40), most of whom weie Americans m the Philippine Civil Service 
and the United States Aimy, were as given m table 2 (Erlangei instru- 
ment used) 

The figures foi ten French Sisters of Chanty (from 24 to 38 years), 
were as given m table 3 

These figuies show that appaiently there is a progressne decrease in 
blood pressure accompanying piolonged sojourn in the tropics 

In 1911, Chambeilain ^ found that the average systolic pressure of 
992 American soldieis serving in the Philippines (aveiage age, 26) was 
115 The average length of their teim in this service was about eleven 
months This figure coincided with the average systolic pressuie of 115 
in 386 Filipinos whose aveiage age was 25 yeais Chamberlain con- 
cluded that foi neithei race is the blood piessure materially below the 


Table 2 — Aveiage Blood Piesvtie of Foi etgtici s iit the Philippine Islands 


loiifctli o£ Eesldcnct 

1 month to 1 jear (03 cases) 

1 year to 5 years (15 cases) 

5 years to 10 years (8 cases) 

Oyer 10 yeirs (9 cases) 

Average Systolic 
Pressure 

124 

113 

no 

113 

Table 3 — Aveiage Blood Picssuie of leu French 

Sisteis of Chanty 


Average Systolic 

I ength oI Resilience 

Pressure 

15 days to 1 year 

127 

1 year to 5 years 

112 

Over 5 years 

no 


figures to be expected foi white men residing m the tempeiate climates 
This conclusion may be questioned for two leasons First, the average 
systolic pressure of healthy men, aged 26, m the West is about 125, as 
has just been shown, second, the period of residence m the tropics in this 
author’s cases was probably too shoit to have any maiked effect on the 
blood pressure Foster ® reported that the blood pressure of foreigners 
in Changsha was about the same as that of the Chinese, and that the 
blood pressure of many persons was lowei in China than it was in 
America He based the lattei statement on about thirt}’’ records taken 
both in America and in Changsha 

In table 4 I have compiled the blood piessure readings, systolic and 
diastolic, of fifty-eight westerneis (mostly Americans), members of the 
staff of the Peking Union Medical College, showing determinations 

4 Chamberlain Philippine J Sc, Sec B 5 467, 1911 

5 Foster Abstracts of Papers for China Medical Association Conference, 
Peking, 1926, p 10 
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made at home and in Peking The age column gives the age of each 
pel son at uliich his blood piessuie was fiist taken The readings in 
America or, rarel}, in Euiope are taken from lecords of physical exami- 
nations made abroad, as indicated, and kept on file here In about two 
thirds of the cases, the lecords in Peking lepresent those obtained during 
routine physical examinations performed every two years after the 
person’s arm al in China, or by special appointment for the determination 
of blood pressure For the sake of clearness, the results of only the most 
recent of these examinations are piesented m this article In the other 


Table 4 — PaiallcI Record’; of Blood Ptcsstitc of Fifty-Eight Americans m the 

United States and in China 





Blood Pressure in 

Blood Pressure m 

Change in 




the United States 

China 

Blood Pressure 
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third of the cases the readings aie taken from histones of patients who 
have called at the office on account of minor ailments, or from hospital 
histones Care has been exercised to exclude readings taken while the 
patients had diarrhea, dysentery, acute lespiratory infections, prolonged 
fevei 01 illness of any kind, oi when patients were pregnant, except in 
a few cases designated in the column under “Notes ” 

The average age in the foieign gioup leported was 34 The time 
at which the Peking reading was taken is not indicated, because m many 
cases an aveiage of the readings of diffeient years is presented (in 
hospital cases), but the a^erage time was from two and one-half to three 
years aftei the leading taken abroad No Peking figure was taken 
within one year aftei the pei son’s airnal in China, except in case 8 of 
the foreign group and in case 3 of the Chinese gi oup, both being obtained 
within two months after the subject’s aiiival in China 

In regard to the technic of blood pressure reading, I do not know 
how the blood pressuie m America was taken, in China, it i\as taken 
by seveial different physicians The apparatus used was a mercury 
manometer About half of the blood pressuics were taken when the 


Table 5 — Grouping of Blood Picisinc of Fifty-Light Amct icons in the 
United States and in China 


Systolic pressure 

SO-SO 

00-09 

100-109 

110-110 

120-120 

130-139 

140-149 

United States 

0 

0 

0 

20 

20 

7 

2 

Chim 

1 

7 

16 

23 

4 

3 

0 

Diastolic pressure 

40-19 

50-50 

CO-CO 

70-79 

SO-SO 

90-99 

100-109 

United States 

0 

1 

10 

IS 

23 

5 

1 

China 

1 

s 

30 

10 

1 

2 

0 


subjects weie in a supine position and half when thej weie seated The 
auscultatory method was used, and the first appearance of a sharp 
thumping sound was recorded as the s} stolic pressure , the sudden change 
from a sharp tap to a dull, feeble thud was regarded as the diastolic 
pressure 

In the column under “Changes in Blood Pressure,*’ an inciease of 
5 or more is indicated by a plus sign and a deciease of 5 or moie by a 
minus sign No change (a change of 4 or less is consideied as no 
change) is signified by “0 ” 

Table 5 shows the grouping of the recoids of the blood pressure of 
this group in the United States and in Peking, and no further comment 
IS necessary 

As will be seen from table 6, the average systolic piessure of fifty- 
eight foreigners in America is 118 and the average diastolic, 76, while 
the average systolic pressure in Peking is 109 and the average diastolic, 
65, although the subjects have increased in average age from about 34 
to 37 There is an average lowering of 9 in the systolic, and of 11 m 
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the diastolic, pressuie Thus it appears that there is a distinct tendency 
for the blood pressuie of foreigners resident m China to approach that of 
the Chinese 

Anah zed from the point of view of percentage of increase or 
decrease m blood piessure, it is seen from the results m table 6 that the 
sistolic pressuie shows a decrease in 64 per cent, and an increase m only 
15 per cent in China The diastolic pressure is even more striking, 
with 72 per cent showing a fall in piessure and only 12 per cent a rise 

COMAIENT 

Mthough this senes is too small to afiord a basis for any far-reaching 
concIu''ions, it indicates that there is a fall in blood pressure, both systolic 
and diastolic, in the majority of foieigners who take up then residence in 
China foi an\ length of time Musgrave and Sison " thought that the 
decrease m blood pressuie was due to a lower peiipheral resistance, asso- 
ciated with increased secretory activity of the sweat glands Gastro- 
mlc''tmal disturbances were also suggested by these authois as capable 


Tm’Ic 6 — ha age Blood Piessure m the United States and in China, and 
Paeentage of Observations Showing Changes 



Fifty Eiglit Americans 
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Dlnetolic 
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of producing motor distuihances, piincipally through the portal circula- 
tion and the splanchnic tone It is claimed by Huggard ° that the low 
blood pressuie m persons who reside in the tropics is associated with 
dilatation of the }>er]pheral blood lessels, as well as with increased 
elasticity of the lessel ivall 

While the low blood pressure of the Chinese may be due m small 
jiart to a diet less rich in meat, the diet of foreigners is not essentially 
difterent from that in America The perpetual rush, tension and excite- 
ment that chaiactenze American life and the comparatively slower and 
calmer life m Peking, although the work here may be no less strenuous, 
may be important factors in the causation of the relative hypotension 
In a recent physiologic review,’' MacWilliam says “The pronounced 
effects of mental stress, excitement and worry in producing and maintain- 
ing high blood pressure emphasize the significance of the nervous system 

6 Huggard, quoted in Castcllani and Chalmers Manual of Tropical Medi- 
sine, cd 2, 1913, p 89 

7 MacWilliam Physiol Rev 5 303, 1925 
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whether exercised indnectly through the caidiovasculai innervation or 
more directly thiough endocrine or metabolic alteiations ” Lombard® 
and Krogh ^ emphasize the independent contractility of the capillaries 
and arterioles Studies on the vasomotor condition m the tropics and in 
the Orient are lacking at present 

It IS true that theie is increased sweating m the tropics, but theie is 
no definite knowledge of the i elation of sweating to vasomotor states 
Evidently there may be a cutaneous vasodilatation associated with 
sweating, as may be seen during flushing caused by excitement or 
embariassment , but theie may he also a state of pallor with sweating, 
as that occurring during fright In any case this mechanism does not 
explain the hypotension leported here, since Peking is neither tropical 
nor subtiopical It is a point of interest that hypertension, which has 
been considei ed as bearing a special relation to tropical residence, is also 
pi esent in the temperate zone 

MacWilham ’’ has epitomized the present knowledge of hypotension 

But in persistent low pressure attendant on exhausting diseases or occurring 
without obvious cause (essential hypotension) the a\ailable data are, as in the 
case of persistent high pressure, inadequate for satisfactory explanation of the 
mechanism involved — whether a defective peripheral resistance or defectue 
cardiac output depending, apart from cardiac cnfeeblement, on lessened return of 
blood to the heart as a result of undue expansion of the capacity of the \ascular 
system from capillary or venous relaxation, contraction of ^enules, diminished 
volume of blood in circulation, etc It is also unknown how' far such conditions 
are mediated through the nervous system and how' far due to the direct influence 
of chemical agents — depressor bodies, lack of pressor substances, etc 

What true significance the relative hypotension of the westerners 
in China and m the tropics has remains to be seen 

SUMMARY 

1 An analysis of parallel records of the systolic and the diastolic 
blood pressure of fifty-eight Americans at home and in Peking about 
three years later shows an increase of systolic piessure m 15 jier cent of 
the subjects, no change m 21 per cent and a deciease m 64 per cent The 
diastolic pressure shows an inciease m 12 pei cent, no change in 16 per 
cent and a decrease in 72 per cent 

2 The average systolic pressure of fifty-eight Americans m America 
IS 118 milhmeteis of mercury and in China 109 The average diastolic 
pressure m America is 76, while it is only 65 m Peking Thus, there is 
an average decrease of 9 in systolic pressuie in Peking and an average 
decrease of 11 in diastolic pressuie 

8 Lombard Am J Physiol 24 335, 1912 

9 Krogh Anatomy and Physiology of the Capillaries, 1922, p 23 



DISEASES OF THE LIVER 

VI A COMPARATIVE STUDY OF CERTAIN TESTS FOR HEPATIC FUNCTION 
IN CASES OF CIRRHOSIS OF THE LIVER 
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AND 
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During the last three years we have been engaged in an attempt to 
e\aluate the clinical usefulness of certain tests foi hepatic function In 
preA lous communications we ha\ e reported the results of ^ anous aspects 
of this stud} ' At piesent we wish to repoit on the functional changes 
obserxed in patients xvith ciirhosis of the lixer 

Of a group of moie than 100 cases originally diagnosed cirrhosis of 
the lixer, the histor) and physical obseixations were characteristic and 
the diagnosis apparently unmistakable in the fifty cases selected for 
this report In the majoiity the diagnosis was confiimed b} examina- 
tion of the lixer at operation or necropsy Syphilis xvas excluded in 
these cases by the history and physical examination and by serologic 
tests Obseixations made in the cases of ciirhosis associated xvith splenic 
anemia (so-called Banti’s disease) and xvith hemolytic jaundice have 
prexiouslx been reported 

The presentation of this mateiial has pioved singularly difficult 
because of the present confusion xvith regard to the classification of cir- 
rhosis While textbooks of medicine recognize ceitain types of cirrhosis 
and make clear-cut distinctions along clinical, etiologic oi pathologic 
lines, any' one observing and studying such cases in any numbei quickly 
recognizes the great variation in clinical types, and appieciates hoxv 
incomplete and unsatisfactory is the piesent knoxvledge of hepatic dis- 
ease Epplen - has lecently pointed out the confused and unsatisfactory 

From llie Division of Medicine, Mayo Clinic and the Mayo Foundation 

1 Greene, C H , Snell, A M , and Walters, W Diseases of the Lix^er 
I A Surx’ej of Tests of Hepatic Function, Arch Int Aled 36 248 (A.ug) 1925 
Greene, C H , !McV icar, C S , Roxxmtree, L G , and Walters, W Diseases of 
the Lixer HI A Comparative Study of Certain Tests for Hepatic Function m 
Patients with Obstructix'e Jaundice, Arch Int Med 36 418 (Sept) 1925, 
Diseases of the Liver IV Functional Tests in Cases of Carcinoma of the 
Lixer and Biliary Tract, Arch Int Med 36 542 (Oct) 1925 Greene, C H, 
and Conner, H M Diseases of the Lix'er V A Comparative Study of Tests 
of Hepatic Function in Certain Diseases of the Hematopoietic System, Arch Int 
Med 38 167 (Aug) 1926 

2 Epplen, F The Pathology of Cirrhosis of the Liver, An Historical- 
Pathologic Study, Arch Int Med 29 482 (April) 1922 



160 


ARCHIVES OF INTERNAL MEDICINE 


natuie of the vanous attcmiDts at classification on an etiologic or patho- 
logic basis We have felt that an attempt at the reclassification of the 
cin hoses at the piesent time would be premature, of questionable value, 
and would involve considerable presumption on our part Nevertheless, 
presentation of the functional studies demands some recognition of the 
various types of cases Theiefore we have adopted the following 
grouping foi this puipose 

Portal cnihosis oi ascitic cnrhosis (ciirhosis with ascites, chronic 
hepatitis with ascites) (1) poital cirrhosis with ascites and small liver, 

(2) portal cirrhosis with ascites and laige liver, (3) poital cnrhosis 
with ascites and jaundice and (4) laige Iner without ascites, piesumably 
portal cnrhosis m the pieascitic stage 

Biliaiy cnihosis oi icteiic cnihosis (cinhosis with chronic jaundice, 
chionic hepatitis with jaundice) (1) bihaiy cinhosis with extiahepatic 
obstiuction, (2) biliaiy cnrhosis without extrahepatic obstruction and 

(3) biliarj cinhosis with ascites 

While we may speak of these gioups as separate entities, it must be 
understood that these divisions are made foi convenience in piesentation 
and so are necessai il}'’ somewhat aitificial Detailed discussion, par- 
ticularly of the etiology and pathology' of the condition, will be lesen'ed 
foi later communications The complete laboiatorj data of the clinical 
mi estigations aie given in the accompanying tables Abstracts of the 
histones of illustrative cases aie also included In these only significant 
laboiatoi) data aie given The phenoltetrachlorphthalem test is reported 
in teims of one houi reading 

PORTAL CIRRHOSIS WITH ASCITES AND SMALL LIVER 

(“laennec’s cirrhosis”) 

In his “Traite de Tauscultation mediate,” Laennec gave an anatomic 
description of cinhosis ivhich is classic 

The liver, reduced to a third of its ordinary size, was buried, if I may use the 
term, in the region which it occupies, and its external surface, slightly pursed 
and wrinkled, was of a yellowish-grev tint On incision, it appeared entire!} com- 
posed of a multitude of small round or ovoid grains, varying m size from that 
of a millet to that of a hemp-seed There was scarcely an}" mtcr\al between 
these grains, in which they could still be distinguished from remains of the proper 
tissue of the liver , they were easily separable from each other, of a fawn or red- 
yellow color, inclining in some places to green, and of a humid, opaque tissue, 
flaccid rather than soft to the touch, so that on pressing the grams between the 
fingers a small part only crumbled away, the rest feeling m the hand like a piece 
of soft leather 

Rigid definition would lequiie that the use of the term Laennec’s 
cirrhosis be restricted to those cases of portal cirrhosis in which the liver 

3 Laennec, R T H Traite de I’auscultation mediate et des maladies des 
poumons et du coeur, ed 2, Pans, J S Claude, 1826, vol 2, p 196, A Treatise 
on Mediate Auscultation and on Diseases of the Lungs and Heart, London, 
H Baillere, 1846, p 436 (edited by T Herbert) 
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^\as 1 educed in ^ olume and would exclude those cases m which that oigan 
^\cls inci eased in size Such a distinction is of questionable clinical or 
pathologic \alue We mention it heie because of its historical asso- 
ciation 

Ihe disease usuall} develops slowly and insidiously There may be 
model ate initial nausea oi bloating and dull pain or discomfort in the 
light h}pochondiium Occasionally slight jaundice, the “signal jaun- 
dice ’ of Rolleston,‘ may be piesent at the time of onset Usually these 
SNinptoms aie so tiifling that they are passed over unnoticed, and atten- 
tion IS not called to the condition until signs of altered circulation appeal 
The abdomen then becomes distended and fluctuant The quantity of 
fluid mat be so great that satisfactory palpation of the abdomen is pre- 
cluded When the fluid is i emoted, the livei may be found to be reduced 
or inci eased m size, tthile the spleen may be enlarged Evidence of 
collateral circulation is seen in the enlargement of the mammary, epi- 
gastiic, htpogastnc and hemorrhoidal veins Rarely is the superficial 
circulation so marked as to piesent the pictuie of a true caput medusae 
Hcmatemesis or melena may occtii, suggesting the presence of leaking 
or luptured esophageal taiices As the condition progresses, the patient 
loses flesh and stiength The skin is muddy or icteroid in color, and 
the face is thin and ‘^humken, contiasting maikedly with the full dis- 
tended abdomen Tiie laboiatory obsenations in a series of typical 
cases of this trpe are gnen in table 1 The clinical history is illustrated 
in ca'^c 1 

Cash 1 (case 4, tabic 1) — A man, aged 63, had undergone herniotomy else- 
where m August, 1924, wdicn free fluid w’as found in the abdominal cavity 
Enlargement of tiic abdomen became noticeable soon afterward and increased 
progressueh Associated with the abdominal distention there was moderate 
edema of the feet and ankles, slight bloating and abdominal distress and loss 
in V eight 

Wlien the patient was first seen on Nov 10, 1924, the emaciation of the face 
and arms contrasted markedly w'lth the distention and enlargement of the abdomen 
He was anemic, and the complexion was sallow though not distinctly jaundiced 
Because of the marked ascites, none of the abdominal viscera could be felt The 
superficial abdominal veins w'cre dilated, and there was edema of the legs and 
lumbosacral region The blood urea w'as 40 mg and the serum bilirubin 1 4 mg 
for each 100 cc A “delayed direct” van den Bergh reaction was obtained There 
was retention of phenoltctrachlorphthalcm w'lth a reading of 17 per cent 

Twche liters of slightly turbid, straw-colored fluid was removed by para- 
centesis The spleen could then be felt extending 8 cm below the costal margin 
The Incr was not palpable The fluid rapidly reaccumulated Commencing 
November 20, treatment wuth merbaphen and ammonium chloride was instituted, 
a total of 12 cc of merbaphen being given Satisfactory diuresis followed, and 
on December 18 the patient weighed 150 pounds (68 Kg), which indicated a loss 
of 45 pounds (204 Kg) The abdominal distention had disappeared completely, 
and no fluid could be demonstrated The spleen was enlarged, while the margin 
of the liver was palpable just at the costal margin The evidences of collateral 


4 Rolleston, H D Diseases of the Liver, Gallbladder and Bile Ducts, 
ed 2, New York, The Macmillan Company, 1914, p 811 



Table 1 — Poital Ctirhosts ivith Ascites (Small Livci ) 
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circulation over the abdomen vanished At this time the serum bilirubin was 
1 8 mg The phenoltetrachlorphthalein reading was 20 per cent 

Ihe patient was dismissed in good condition He continued to feel well and 
\\ as strong and actu e He returned on March 19, 1925, because of a slight gain 
in \\ eight and abdominal enlargement He weighed 10 pounds (4 5 Kg ) more 
than at the time of his dismissal, and a small amount of fluid could be demon- 
strated m the abdomen His general appearance was much improved, otherwise 
examination showed his condition to be the same as when he was dismissed three 
months before The serum bilirubin was 0 9 mg , w'lth a delayed direct van den 
Bergh reaction The d\e retention w'as 10 per cent Three injections of 
merbaphen produced marked diuresis and a total loss of 15 pounds (6 8 Kg ) in 
weight The patient continued to improve following his dismissal until June 8, 
1925, when he had a se\ere gastric or esophageal hemorrhage He was weakened 
and confined to his bed for ten days at that time, but had been well thereafter 
Because of weakness and a reduction of hemoglobin to 40 per cent, he was given 
a transfusion of 500 cc of citrated blood on July 10 

On Sept 2, 1925, the er\ throcytes had increased to 3,020,000 The serum 
bilirubin was 0 7 mg wMth an indirect van den Bergb reaction The phenoltetra- 
chlorphthalein reading was 4 per cent Since then he has been able to carry on 
his usual actiMt\, although progressive loss of strength has been associated with 
recurring gastro-intestinal hemorrhages, and the ascites has been more difficult 
to control 

Ihis case has been of interest because of the prolonged period of 
observation and the tinusiiall} complete control of the ascites under 
treatment with meibaphen It will be noted that there was no immediate 
change in the degree of d}e letention during the period of removal of 
the ascitic fluid Tins would seem to eliminate changes due to passive 
congestion of the hvei such as weie obseived in case 17 (table 2) Sub- 
sequent!} the amount of d}e retention has progressively decreased This 
improvement m hepatic function indicated by the phenoltetrachlor- 
phthalein test IS impoitant, foi it suggests that there may have been 
regenerativ e changes m the liver during the period of observation This 
case IS also of inteiest in that alcohol could be excluded as a possible 
etiologic agent 

The laboratory obseivations m the othei cases m this group were 
similar The bromsulphthalem test was normal in one case, but in all 
the others this test showed a vaiymg degree of retention of the dye In 
tvv o cases a slight increase in the serum bilirubin indicated the presence 
of latent icterus A “piompt” or “delayed” direct van den Bergh reac- 
tion was obtained in the majoiity of instances even though the serum 
bilirubin was not inci eased 

PORTAL CIRRHOSIS WITH ASCITLS AXD LA-RGE LIVER 

An increase in the size of the liver is readily distinguishable in many 
cases of portal ciiihosis When abdominal distention is marked, it may 
lie impossible to feel the liver, and it is only after relief from the ascites 
lliat the condition can be lecognized At present there is no other 
clear-cut distinction between this gioup and the preceding one, in which 
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the liver is reduced in size The extent of paienchymal degeneration, the 
proliferative changes in the connective tissue, the conti action of scar 
tissue, the amount of hepatic regeneration and the presence or absence 
of fatty changes are the important factors which influence the size of 
the liver For obvious leasons these factois will not be discussed in this 
communication 

The cases included in this gioup differ from those listed as of the 
Laennec type m that the edge of the liver was palpable at or several 
centimetei s below the costal mai gin The clinical histones are similar in 
the two series of cases Enlargement of the liver from other causes, 
especially from cardiac failuie with chronic passive congestion, must be 
excluded Apait fiom the influence of such associated conditions, the 
size of the liver is of questionable value in the clinical classification of 
portal cinhosis The results of the diffeient functional tests are shown 
in table 2 The clinical histoiy is illustiated in cases 2 and 3 

Case 2 (case 23, table 2) — A man, aged 38, came to the clinic on Oct 18, 1920, 
because of a moderate loss of weight during the preceding year He was con- 
stipated and complained of occasional “biliousness” and indefinite distress in the 
upper part of the abdomen The edge of the liver was palpable at the costal 
margin The patient was nervous and of introspective temperament The diag- 
nosis was indeterminate at that time Six months later, pneumonia was followed 
by empyema which necessitated drainage The patient was well for awhile, but 
in 1922 began to feel listless His physician removed 6 liters of fluid from the 
abdomen at that time, and paracentesis was again carried out before readmission 
to the clinic on Oct 1, 1923 

The abdomen was distended and tense, and the superficial abdominal \essels 
were dilated After paracentesis and the removal of 3 liters of amber colored 
fluid, the edge of the liver could be felt 10 cm below the costal margin, while the 
spleen was just palpable The patient was not anemic The specific gravitj' of the 
urine was 1 014, and only a trace of albumin was present The blood urea was 
43 and the fructose tolerance was normal There was slight retention of dye, with 
a reading of 5 per cent 

Laparotomy was performed on Oct 31, 1923, when 10 liters of ascitic fluid 
was removed The liver was large and said by the surgeon to be cirrhotic The 
spleen was about twice the normal size It was removed and a Talma-Morison 
operation performed Convalescence was uneventful Fluid reaccumulated slowlv 
at first, and paracentesis was necessary a month later Thereafter reco\ery was 
uneventful Three years later this patient reported himself in good health, free 
from ascites and again able to carry on his business 

Case 3 (case 17, table 2) — A man, aged 63, first came to the clinic on Jan 20, 
1925, because of abdominal distention, which had come on two years before 
Previously he had enjoyed good health, although he was a heavy user of alcohol 
The onset of the illness was gradual, the distention first being noted in November, 
1922 Subsequently paracentesis was carried out on eight occasions, from 8 to 10 
liters of light-colored fluid being removed each time The relief following such 
a tapping lasted for from five to six weeks In August, 1924, a physician else- 
where administered calcium chloride as a diuretic Seventy pounds (31 8 Kg ) 
were lost in four weeks, but the ascites returned when the calcium chloride was 
discontinued 

The patient’s weight on admission was 250 pounds (113 4 Kg), 60 pounds 
(27 2 Kg ) more than his best normal weight There was marked ascites, and it was 
impossible to palpate any of the abdominal viscera There was definite peripheral 
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arteriosclerosis, and the heart was somewhat enlarged Considerable edema of 
the scrotum and legs was present 

There was moderate secondary anemia An electrocai diogram showed auri- 
cular fibrillation, right ventiicular preponderance and inversion of the T-wave in 
leads I and II The specific gravity of the urine was 1 030, and a trace of 
albumin and casts wete present The blood urea was 54 mg and the serum 
bilirubin 2 I mg A direct van den Bergh reaction was obtained The retention 
of phenoltctrachlorphthalem was 25 per cent 

The patient was put on a low protein, salt-free diet, and the fluid intake was 
restricted In addition, 10 Gin of ammonium chloride was given daily, and 
meibaphen intravenously every fourth day Improvement was rapid and striking 
On Februars J3, after a total of 4 cc of merbaphen had been taken, the patient’s 
weight was l/S pounds (794 Kg), a loss of 75 (34 Kg) pounds At this time 
the heart was regular and the edema of the extremities had disappeared, although 
digitalis had not been given or other specific cardiac medication instituted Fluid 
could not be demonstrated m the abdomen The edge of the liver could be felt 
8 cm below the costal margin, and the spleen was palpable 5 cm below the left 
costal margin The blood urea W'as 21 mg and the serum bilirubin 16 mg, with 
a direct \an den Bergh reaction There was marked improvement in the phenol- 
tetrachlorphthalein test with a reading of 10 per cent 

The patient continued to improve m strength and health while under observa- 
tion On March 3, the w'oight w'as 160 pounds (72 6 Kg), indicating a total loss 
of 90 pounds (40 S Kg) during treatment The serum bilirubin was 21 mg and 
the dj e retention 10 per cent The patient was dismissed m good condition He 
returned on June 23, 1926, for reexamination, having been in good health and 
free from ascites during the intervening period The liver was reduced somewhat 
in sire, extending only 2 cm below^ the costal margin, and the spleen was no longer 
palpable The lilood urea wms 31 mg The serum bilirubin was 1 8 mg and the 
\nn den Bergh reaction indirect The phenoltctrachlorphthalem test gave a read- 
ing of 8 per cent 

WOien this patient was first seen, decompensation with passive congestion w'as 
superimposed on the cirrhosis With the recovery of compensation and the disap- 
pe.irancc of the hepatic congestion, the degree of dye retention decreased rapidly 
from 25 to 8 per cent Thereafter the phenoltetrachlorphthalein test did not 
change We bchc\e that this sequence demonstrates both the temporary effect 
of passu e congestion and the more permanent effect of cirrhosis on the excretion 
of dye These observations are analogous to those of the phenolsulphonphthalem 
test in passive congestion superimposed on chronic nephritis 

'fhesc two cases sel^e to illustiate the functional changes observed 
in the nine cases included in this gioup Retention of dye was uni- 
foimly piesent though to a vaiymg degice The seuim biliiubin was 
occasionally increased to a dcgice indicating the piesence of latent 
icterus, but foi the most pait it varied aioiind the upper limits of the 
noimal A diiect van den Bergh leaction was obtained m the majoiity 
of cases The changes in the other laboiatoiy tests were not striking, 
and will be discussed latei 

PORTAL CIRRHOSIS WITH ASCITLS AND JAUNDICE 

Jaundice is an occasional but not a piomincnt symptom in poital cii- 
ihosis When “signal jaundice” is observed at the onset of the condi- 
tion, It IS usually of slight degiee and tiansitory Duiing the progress 
of the malady the skin may acquiie the muddy yellow or subicteric hue 
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that IS so characteristic a featiiie of the hepatic facies Manifest and 
outspoken jaundice, on the othei hand, is uncommon and is usually 
considered a late oi terminal event Such cases, both clinically and from 
the point of view of the gross pathology, may present a pictuie dis- 
tinguishable with difficulty fiom that seen in the end stages of biharjr 
cirrhosis with terminal ascites Differentiation must be made largely on 
the basis of the chionologic sequence of events m the history 

Case 4 (case 13, table 1) — A woman, aged 64, was admitted to the clinic on 
March 17, 1925, because of ascites and jaundice of two months’ duration In 
January, 1925, she first noted w'oakness and loss of strength, wdnch increased 
progressively In February, she began to feel that the abdomen ivas getting 
larger, there was also some swelling of the ankles Shortly afterw'ard jaundice 
appeared, but she did not have pain, fever or pruritus The stools became lighter 
and the urine dark The jaundice never became extreme and diminished slightlj 
in intensity The ascites increased, how'evcr, and strength failed rapidlj 

The abdomen was greatly distended with marked ascites The abdominal 
viscera could not be felt There was edema of the low’cr abdominal wall and of 
the lower extremities Moderate jaundice was evident The urine contained bile 
and a trace of albumin There was moderate secondarj anemia The serum 
bilirubin was 4 6 mg, and a direct van den Bcrgh reaction was obtained There 
'vas retention of phenoltetrachlorphthalcin with a reading of 28 per cent 

A Talma-Morison type of omentqpexj was performed in an attempt to 
relieve the ascites The surgeon reported the presence of advanced cirrhosis 
of the liver The patient did not rally following the operation, but went into 
coma, the blood urea rapidly rose to 130 mg, and death occurred on the fourth 
day after operation At necropsy the liver was found to w'Cigh but 850 Gm 

The laboratory data in tliiee cases aie given in table 1 As would 
be expected from the presence of jaundice, the serum bilirubin was 
increased, and a direct van den Bergh reaction such as is encounteied in 
obstructive jaundice was obtained The retention of dye likewise was 
marked 

PORTAL CIRRHOSIS WITHOUT ASCITES 

Obviously, the question of the eaily stage of poital cinhosis has been 
omitted from consideration In the absence of evidence of collateial 
circulation and ascites, it is difficult to he ceitain of the natuie of the 
changes in an individual case However, undei ceitain conditions, pai- 
ticularly among heavy drmkeis, the diagnosis at times may be made 
clinically with a leasonable degree of certainty If the Inei is enlarged, 
the possibility of chronic hepatitis oi eaily cinhosis must be considered 
m the diagnosis 

The common textbook picture of cinhosis is that of the so-called 
“gin drinker’s liver ” While suggested by clinical observations, the 
presence of a direct etiologic relationship betw^een cinhosis and alcohol 
IS by no means fiimly established, and in several of the cases reported 
in this senes we could not secure a histoiy of alcoholism or of the use 
of alcohol in any form On the othei hand, w'^e piesent here a case 
illustrative of a small group in which the associated enlaigement of the 
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li\ ei can best be explained on the basis of the history of prolonged and 
intensne abuse of the use of alcohol It is impossible to distinguish 
between the lelative idle of hypertrophy and that of fatty infiltration m 
such enlargement uithoul making a microscopic examination Extended 
clinical obser\ation, likewise, is necessary to prove that ascites is a latei 
complication m such cases Neveitheless, the implication remains that 
these cases lepiesent an eail) stage of the group discussed as the hypei- 
ti opine form of poital cirrhosis without ascites Our studies include 
se^en cases in this group The laboratoiy observations are shown in 
table 2 , and the histoiy of one case of this type is given The cases are 
included as repiesenting the early changes of poital cinhosis This we 
must admit is presumptue, and the tuie nature of the hepatic disease 
not known 

Cx'^r 5 (case 26, table 2) — A man, aged 25, was admitted to the clinic on 
Jan 15, 1924, because of discomfort of three months’ duration in the right side 
of tlie upper part of the abdomen He was the son of a saloon-keeper and was 
a ‘ bootlegger” b\ occupation He had been a steady drinker from the age of 10 
and for se\erai ^cars had averaged one pint of whisky a day Three months 
before admission, he began to lia\e pam and discomfort along the right costal 
margin This pam uas continuous but never serere, except on two or three 
occasions when it became disabling He vomited then and had diarrhea for a 
few da^s He did not ha\e jaundice at any time 

On CNamiintion the liver ivas found to extend 12 cm below the costal margin 
It was firm and not tender The spleen was not palpable Urinalysis showed 
onh a trace of albumin The blood count was normal A fractional test meal 
showed absence of free hydrochloric acid Fluoroscopic examination of the 
stomach was negatue The serum bilirubin was 0 7 mg There was slight reten- 
tion of phcnoltetrachlorphthalein w ith a reading of 5 per cent 

While the clinical picture in this case is somewhat indefinite, the 
iiistor) of pronounced and persistent alcoholism and the enlargement of 
the Ii\er makes the piescnce of cinhosis probable 

Xorr — The patient returned to the clinic in February, 1927 At that time there 
was marked ascites, and he presented a clinical appearance of a typical portal 
cirrhosis with ascites and an enlarged Incr 

BILIARY CIRRHOSIS WITH EXTRAHEPATIC OBSTRUCTION 

While ascites and the det elopment of collateral circulatory channels 
aie the chief signs of inteifeience with the poital circulation and so of 
poital cirrhosis, jaundice is equally indicative of the disturbance in biliary 
secietion that accompanies biliaiy cirrhosis 

The best Icnowm type of chionic hepatitis wuth jaundice is the biliaiy 
cinhosis produced by occlusion of the common bile duct This has been 
pioduced expel imentally by Wickham Legg,® Haile}'- and Barratt,® 

5 Legg, J Wickham On the Changes in the Liver Which Follow Ligature 
of the Bile Ducts, St Barth Hosp Rep 9 161, 1873 

6 Harlev, V , and Barratt, W The Experimental Production of Hepatic 
Cnrhosis, J Path’ & Bact 7 203, 1901 
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Chaicot and Gombalt," Ogata® and otheis Mangelsdorft,® Ford/° 
Weber and otheis have summarized the clinical observations on 
patients with complete obstruction of the extiahepatic bile ducts and, 
further, ha\e emphasized the similaiity to the changes observed m ani- 
mals Fold pointed out that this foini of cnihosis cannot be explained 
wholly by the damming back of bile, but that an added etiologic factor is 
present m the inflammation of the walls of the biliary channels 
Oiiginall}'^ reported as the lesult of complete biliary obstruction, the 
condition non is nioie frequently found in patients with lecurrmg biliary 
colic and intermittent obstruction W J Mayo has especially empha- 
sized the impoitance of consideimg biliaiy cirihosis the end-result of 
infectious and obstiuctive processes secondaiy to disease of the gall- 
bladder or common bile duct 

The clinical features of such cases are usually distinct Most char- 
acteiistic IS the long-continued history of lecuiiing attacks of tempoiaiy 
of incomplete biliary obstiuction, usually from gallstones Tempoiary 
jaundice commonh accompanies these attacks Clinical evidence of 
infection with chills or so-called hepatic or Charcot fever is common 
The length of the hisloiy and the failure of the jaundice to disappear 
complete!} between attacks speak for the presence of peimanent hepatic 
damage 

C\SE 6 (case 42, table 3) — CInomc Cholangitis zoith CholedoclwUthiasis A 
man aged 65, came to tiie Clinic on March 8, 1924, having suffered from chills 
and fe\cr for siv ^ears Ten years before, there tvere irregular attacks of 
bilateral pain in the upper part of the abdomen associated with nausea and 
\omiting These occurred at intervals for tw'o jears, then ceased temporarily 
Six \ears before admission he again began to have intermittent painless attacks 
beginning vith a chill and followed by fever, profuse perspiration and prostration 
Reco\er\ usually took place within twentj-four hours Jaundice occurred regu- 
hrl\ during the attacks, icterus sometimes preceding the chill Following this 
the urine vould be dark for a day or so The stools occasionally were light 
but nc\er clai -colored The jaundice was never extreme, but, on the other hand, 
never disappeared complctelj bctw'ecn attacks The complexion w'as dark and 
the skin brownish 3 ellow The liver was slightly enlarged, and the edge was 


7 Charcot and Gombalt Note sur les alterations du foie consecutives a 
la ligature du canal cholcdoque, Arch de phjsiol norm et path 18 272, 1876 

8 Ogata, Tomosaburo Beitragc zur experimentell erzeugten Lebercirrhose 
iind zur Pathogenese dcs Iktcrus mit spezieller Berucksichtigung der Gallenkapil- 
larcn bei der Unterbmdung des Ductus Choledochus und der Ikterogenvergiftung, 
Bcitr 7 Path ^nat u z allg Pathol 55 236, 1913 

9 Manuelsdorff, J Ueber biliare Lebercirrhose, Deutsches Arch f klin 
Med 31 522-603, 1882 

10 Ford, W W Obstructive Biliary Cirrhosis, Am J M Sc 121 60, 1901 

11 Weber, F Parkes On Biliary Cirrhosis of the Liver with and Without 
Cholelithiasis, Tr Path Soc London 54 103, 1903 

12 Mavo, W J The Surgical Treatment of the Cirrhoses of the Liver and 
Their Complications, Ann Surg 68 183, 1918, The Liver and Its Cirrhoses, J A 
M A 70 1361 (Mav 11) 1918, Surgical Treatment of Hepatic Cirrhoses, Ann 
Surg 80 419, 1924, Tlie Liver and Its Cirrhoses, J Iowa M Soc 16 299, 1926 
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rounded but not tender The urme contained urobihn but no bile There was 
moderate secondary anemia The serum bilirubin was 1 8 mg A direct van den 
Bergh reaction was obtained The fructose tolerance was reduced, and there 
was retention of dye with a reading of 17 per cent 

At operation a large stone was found in the common bile duct together with a 
fistulous connection between the common bile duct and the duodenum The 
stones were removed and the fistula closed The patient did well for a time, but 
bronchopneumonia developed, and he died on the tenth day At necropsy marked 
biliary cirrhosis was found The liver weighed 1,442 Gm 

The laboratory observations in this case are characteristic of those in the 
thirteen cases comprising this group Retention of bromsulphonphthalcin was 
constant and marked The serum bilirubin in general was slightly increased, 
though not to a proportionate extent A reading of 10 mg was seen in one case, 
and values within the normal limits were obtained m three A direct van den 
Bergh reaction was obtained m all 

BILIARY CIRRHOSIS WITHOUT CXTRAIIEPATIC OBSTRUCTION 

Besides the obsti active t3'pe of biliary cirihosis, there is another 
form in which there is no demonstiable obsti action of the extrahepatic 
bile dacts Theie has been inticli uncertainty with regaid to the diag- 
nosis and classification of sach cases However, theie unquestionably 
does exist a type of cinhosis in -which the liver is enlarged, firm in con- 
sistency, and m which no demonstrable obsti uction of the hepatic bile 
ducts can be found at exploration oi neciops) The spleen is also 
enlaiged, sometimes to a greatei extent than is common m either the 
obstructive type of biliary cirrhosis oi in portal cinhosis Chtonic 
jaundice of variable degiee peisists thioughout the course of the disease 
In these cases, W J Mayo consideis splenectomy of value if not too long 
postponed He has also emphasized the fiequency with which hemohtic 
jaundice and splenic anemia have been confused with this condition in 
the past, although the marked pruiitus of the biliary cinhosis should be 
of diagnostic significance The melanodeima oi pigmentation of the 
skin which is present, in addition to the staining with the bile pigments, 
IS also chaiacteiistic 

This form of biliary ciirhosis is undoubtedly i elated to that described 
by Hanot The desciiptions of the lattei aie not entiiely clear, and 
theie IS not at piesent anj'^ sharplj defined clinical and pathologic entity 
to which this name may be applied A pi obable relationship to the cases 
of subacute hepatitis oi mtiaphepatic jaundice, such as those leported 
from this service by Wen, must be admitted It has seemed best, theie- 
fore, to av’-oid shaipl)’- defined diffeientiations or eponymic terms in dis- 
cussing this group and to refei to the cases as examples of primaiv'^ or 
nonobstructive biliaij'- cinhosis as picvuouslv pointed out Table 3 
piesents data relating to foui such cases, one of vvdiich is presented in 
detail as follows 


13 Hanot, V La cirrfiose hvpertrophique av^ec ictere chronique. Pans, Rueff 
et Cie , 1892, p 182 
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Cvsn 7 (case 46, table 3) — A woman, aged 42, first came to the dime on 
Aug 22, 1924, because of abdominal distress of two years’ duration She had 
nc\ er been strong and had been troubled with nausea, anorexia, smothering sensa- 
tions and other symptoms for many years In 1920 eight teeth were removed, 
which necessitated six injections of serum for hemostasis Three weeks later, the 
right antrum became infected , soon afterward generalized pruritus appeared and 
persisted for seicral months before icterus w’as noted The jaundice was slight 
and \anable m degree, but was associated wuth rather marked bronzing 
ol the skin In 1922 pressure in the right upper quadrant of the abdomen caused 
soreness , later there w ere occasional chills, which were accompanied by pain along 
the right costal margin and an intensification of the jaundice for several daji-s In 
Tamiar}, 1923, one o\arj was excised elsewhere, the gallbladder was reported 
normal and was not disturbed The sj'mptoms recurred rapidly, wnth bloating, 
epigastric soreness, slight jaundice and increased pigmentation of the skin In 
March, 1924, a second operation w'as performed elsewhere, and the spleen was 
louiid to be enlarged A section of the liver removed for microscopic examination 
slioued biharj cirrhosis with diffuse infiltration of round cells, which was most 
intense in the periphery of the lobule 

The patient was an asthenic, undernoiirished w'oman with slight yellowush 
discoloration of the sderotics and marked generalized browmish pigmentation of 
ihe skin The color of the skin suggested addisonian pigmentation, although it 
did not ha^c the characteristic distribution The spleen was palpable 10 cm below 
the costal margin The Incr extended 5 cm below' the costal margin and was 
smooth and firm, regular in outline, but slightly tender Renal function was 
excellent The scriiin bilirubin w'as 21 mg, and a direct van den Bergh reaction 
was obtained There was retention of phenoltetrachlorphthalein w'lth a reading 
of 20 per cent Because of the e\ idcnce of hepatic damage found at the previous 
operation further mter\cntion was postponed, but the patient was kept undei 
obscn.atioii 

She returned on March 20, 1925 because of persistence of the pruritus, slight 
laundicc and abdominal pains Slic w'as stronger than w'hen first seen, but there 
had not been am change in her color The liver w'as unchanged, but the spleen 
r'ppcarcd to be slightlj larger than before The scrum bilirubin was 17 mg, 
uid there was die retention of 13 per cent 

\t operation itlarch 26, 1925, an enlarged, somew’hat lasciilar liver was found 
There were mam adhesions from the former operation with thickening m the 
region of the coiiimoii duct but no stones could be felt The spleen was large 
and soft but was remoied without difficulty Microscopic examination of the 
spleen sliowed fibrosis with subacute splenitis 

The postoperatne recoierv was uneventful The subicteric color of the skin 
disappeared in part, but the pruritus persisted Tw'O w'eeks after the operation, 
the scrum bilirubin was OS mg Retention of dje, however, persisted with a 
reading of 19 per cent 

senes of tests weie made in foui cases In all theie was 
letention of d}e As m the cases of obstructive biliary cinhosis the 
seuim hiliiiibin was slightly, though not maikedly, increased, and the 
\ an den Bergh reaction was dn ect 

BILIARX CIRRHOSIS WITH ASCITES 

Although jaundice and ascites are piesent in this gioup, as in the 
group alieady discussed under poital cinhosis, the relation of the two 
SMUptoms is somewhat diffeient In the present gioup jaundice has 
constituted a inaiked clinical featuie of the disease, the ascites as a rule 
being of late occunence 
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f -|- indicates a “prompt” direct reaction, ■+> “delayed” direct reaction, and 0, an indirect reaction 
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This combination of cirrhosis with icterus and ascites in each case 
repiesents, as a rule, the end stage with the maximum of hepatic damage 
The clinical and pathologic pictuies in these different conditions aie 
usually characteristic, though mixed oi intermediate foims are frequent 
In this terminal period, however, distinctions disappeai and differentia- 
tion must be made largely on the basis of the history 

Case 8 (case 49, table 3) — Bthaty Ctnhous zutth Exiiahepatic Obslt iictwn 
Old Ascites A woman, aged 57, came to the Majo Clinic on Aug 6, 1924, 
because of attacks of biliary colic which had recurred for ten or twelve jears 
The attacks of severe epigastric pain with nausea and vomiting usuall}'' lasted two 
or three hours, and residual soreness persisted for several dajs Eighteen 
months before admission, the attacks became more frequent Thej were more 
severe, pain vv'as referred to the right shoulder and back, and slight jaundice vs as 
occasionally observed afterward Abdominal distention was noticed several 
months before admission 

The skin was yellowish and sallow, and there vv'as definite icteric staining in 
the sclerotics The abdomen was distended and contained a moderate amount 
of fluid The liver and spleen were not palpable A roentgenogram of the gall- 
bladder area showed multiple stones The urine was normal The serum bili- 
rubin vv'as 4 3 mg with a direct v'an den Bcrgh reaction There was retention 
of plienoltetrachlorphthalem with a reading of 17 per cent 

A Talma-Morison type of omentopexy was performed on September 8 Several 
liters of ascitic fluid were removed at the time The liver was small and was 
described by the surgeon as cirrhotic The gallbladder contained stones The 
patient did not gain strength following the operation The ascites recurred, 
hydrothorax developed later and death occurred on September 12 

At necropsy, marked cirrhosis with ascites was found The liver weighed 
948 Gm The gallbladder contained multiple stones The appearance of the 
patient, the ascites and the small shrunken liver were almost similar to these 
observations in case 4 (case 13, table 1) The long historj of attacks of gallstone 
colic, however, serves to classify this case as one m which biliary obstruction and 
infection predominated 

Case 9 (case SO, table 3) — Biliary Cinhosis zviihout E\l> ahcpatic Obsti uctioii 
but ivith Ascites A man, aged 51, first came to the i\Ia}o Clinic in IMarch 1923, 
because of diarrhea and a mass m tlie upper left quadrant of the abdomen He had 
had typhoid fever as a child At the age of 25 he visited Cuba, where he was 
reported to have had malaria and jellovv fcv'cr In 1917 and at irregular periods 
thereafter, he suffered from severe diarrhea, with bloodj mucoid stools Examim- 
tion in 1917 revealed slight jaundice and enlargement of the spleen The gall- 
bladder was drained surgicallv, and the jaundice disappeared temporarilv , the 
diarrhea persisted 

When first examined the spleen was greatlj enlarged and extended nearlv to 
the umbilicus The stools contained blood, and proctoscopic examination showed 
the presence of hemorrhagic proctitis The urine was normal, and the patient 
was not anemic Rectal irrigations and the administration of emetine caused 
partial relief from the intestinal condition 

The patient did not gam strength, howev'er, periods of slight painless jaundice 
of several days’ duration become progressively more frequent, and finallj' the 
jaundice became permanent, although it fluctuated in degree and was never 
marked Ascites developed a month before bis return on Dec 3, 1924 At that 
time there was a brownish pigmentation of the skin in addition to slight icterus 
The abdomen was distended with fluid, and the superficial veins were prominent 
The spleen was greatly enlarged and extended 10 cm below the costal margin 
The edge of the liver was felt 8 cm below the costal margin 

Bile pigments were demonstrated in both the urine and the stools Moderate 
anemia secondary in tvpe had developed , the erythrocj tes numbered 3,650 000 the 
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leukoc 3 ’tes 4,600, and the hemoglobin was 59 per cent The serum bilirubm varied 
from 2 5 to 5 mg with a direct van den Bergh reaction The retention of dye 
^\as 27 per cent 

The patient responded fairly well to treatment with merbaphen for a while, 
and the ascites partially disappeared He returned home, but later began to fail, 
lost a little weight, became weak and drowsy and died m coma on Jan 30, 1924 
Necropsj was not performed 

Exact diagnosis in a case such as this is impossible without micro- 
scopic examination The history of previous infection, the splenomegaly 
and the lecuiient attacks of painless jaundice, which eventually became 
peimanent, and the terminal coma permit one with assurance to make 
a clinical diagnosis of biliary cirrhosis of the nonobstructive type 

The ascites m the later stages is piobably evidence of secondary 
inter feience with the poital circulation similar in origin to that seen m 
some cases of obstiuctive biliary cirihosis The development of marked 
ascites and an extensne collateral circulation within the abdomen like- 
w ise has been a feature of the terminal condition m dogs subsequent to 
ligation of the common bile duct 

COMMENT ON INDIVIDUAL TESTS 

Fittefose Tolerance — In 1914, Rowntree, Marshall and Chesney 
among others, pointed out the unsatisfactory character of the fructose 
tolerance test of Strauss in cases of cirrhosis We have not found the 
stud} of the blood sugar curve according to the method of MacLean and 
de Wesselow to increase the clinical value of the test Ligation of 
the common duct in animals produces a progressive decrease m the 
fructose tolerance In patients with obstructive jaundice, a greater 
number of positive tests weie obtained than m noimal persons, but the 
lesults were difficult to interpret Similar lesults were obtained m the 
different \arieties of cirrhosis Two positive and two doubtful tests 
veie obtained in a total of nine cases of poital cirrhosis, while two posi- 
tive and three doubtful tests weie obtained m a total of eight cases of 
biliar} cirrhosis As in the cases of obstructive jaundice, this propor- 
tion IS not sufficiently great to make the test of diagnostic value m any 
individual case There was apparently no significant disturbance of the 
fasting blood sugar level m any of the cases studied 

NITROGEN PARTITION OF THE BLOOD 

Bollman, Mann and Magath^® have reemphasized the importance 
of the liver m the formation of urea within the body The blood urea 

14 Rowntree, L G Marshall, E K , and Chesney, A M Studies in Liver 
Function, Tr A Am Phys 29 586, 1914 

15 MacLean, H, and Wesselow, O L V The Estimation of Sugar 
Tolerance, Quart J Med 14 103, 1920-1921 

16 Bollman, J L, Mann, F C , and Magath, T B Studies on the 
Physiology of the Liver VIII Effect of Total Removal of the Liver on the 
Formation of Urea, Am J Phj'siol 69 371, 1924 
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level may be low m poital cnihosis, m one case 9 mg, an observation 
m accoid with the previous report of Rowntiee, Marshall and Chesney 
There is a decrease in the blood urea in dogs when the common bile 
duct IS obstructed experimentally, and there is a tendency for the blood 
urea of patients with obstructive jaundice to fall within the lower limits 
of the normal A similar change is observed in the present series of 
cases of biliary cirrhosis The urea values obsened in either type of 
cirrhosis are foi the most part within the lowei limits of normal In 
view of the accompanying nutritional distuibance in so many of these 
cases. It IS doubtful whether much diagnostic importance can be attached 
to these changes in the nitrogen partition of the blood Furthermore, 
the terminal rise in blood urea observed in case 4 (case 13, table 1) is 
evidence that urea foimation is by no means in complete abejance In 
consequence, we do not feel that changes in the nitrogen partition of 
the blood with a reduction in the propoition of urea are of great diag- 
nostic import in the individual case 

The other nitrogenous constituents of the blood that weie studied 
namety, the total nonprotein mtiogen and the uric acid, cieatinine and 
ammo-acid nitrogen, did not show consistent variation from the normal 

Fihnnolyttc Foment — Goodpasture^’ described the presence of a 
fibrinolytic ferment m the blood m cases of cirrhosis Rowntree, 
Marshall and Chesney confirmed this obser\'aion We have not obserxed 
fibnnolj^sis in any other condition, and even m cirrhosis it is relatively 
infrequent A positive test is perhaps diagnostic, but a negative test 
will not permit the exclusion of cirrhosis 

Sourn Bihiiibin — The serum bilirubin was noimal in amount in the 
majority of the cases of portal cirrhosis with ascites The finding of a 
slight increase m the bihiubm in five instances, however, is in accord 
with the clinical observation that slight and transient jaundice not infre- 
quently accompanies this form of cirrhosis With the occurrence of 
frank jaundice m the terminal stages of this condition, the serum bili- 
rubin becomes elevated (chart 1) 

Biliary cirrhosis, whether of the obstructive oi nonobstructive type,, 
IS usually accompanied by an increase m the serum bihiubin This 
increase m general is moderate or slight, and comparable xwth the 
subictenc hue of the skin The direct van den Bergh reaction was 
obtained m all the cases that showed an increase m the quantity of 
serum pigment The degree of letention of pigment in these cases in 
general did not reach the high level seen in jaundice due to gross obstruc- 
tion of the extrahepatic bile ducts Moreover, it seemed to be largely 

17 Goodpasture, E W Fibrinolysis m Chronic Hepatic Insufficiency, BulL 
Johns Hopkins Hosp 25 330, 1914 
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independent of gross obstruction, since the stools were colored in the 
majority of these cases and bile-stained fluid could be obtained by 
duodenal diainage 

Phcnoltcfi aclilo) phfhalein — Rowntiee, Hurwitz and Bloomfield^® 
found that in hepatic ciirhosis there was a delay in the excretion of 
phenoltetrachloiphthalem A retention of the dye in the blood serum 
has been pointed out by Rosenthal,^® Ottenberg, Rosenfield and Gold- 
smith, and others,®^ although the differentiation of various clinical 
t}pes of ciiihosis has not always been sufficiently clear to permit the 
e\alualion of the test in each (chart 2) 

W e ha\ e obser\ ed definite retention of dye in the cases of portal 
cnihosis with ascites, but one case (case 11, table 1) was observed in. 
which the reading was noimal No significant difference was observed 
between the obseivations in this group in which the liver was reduced. 
and in the group in which the liver was increased in size With the 
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Chart 1 — Variations m the serum bihrubm m different types of hepatic 
cirrhosis, the mavimum normal leiel is indicated 

deielopment of jaundice there is an increase in the degree of retention 
of d}e This again is comparable with the results previously reported 
in obstructive jaundice Only a slight degree of retention of dye was 
observed m the group of portal cirrhosis without ascites 


18 Rowntree, L G , Hurwitz, S H , and Bloomfield, A L An Experi- 
mental and Clinical Study of Phenoltetrachlorphthalein as a Test for Hepatic 
Function, Bull Johns Hopkins Hosp 24*327, 1913 

19 Rosenthal, S M A New Method of Testing Liver Function with Phenol- 
tetrachlorphthalein, J A M A 79 2151 (Dec 23) 1922 

20 Ottenberg, R , Rosenfeld, S , and Goldsmith, L The Clinical Value of 
the Serum Tetrachlorphenolphthalem Test for Liver Function, Arch Int Med 


34 206 (Aug) 1924 

21 Bull D C, and Bauman, L Results Obtained with the Phenoltetra- 
chlorphthalein Test of Liver Function, Surg Gynec Obst 40 411 1925 Gilbert, 
A and Coury, A L'exploration fonctionelle du foie par I’epreuve de la phenol- 
tetrachlorephthaleine, Compt rend Soc de biol 90*337, 1924 Gonzalez, A, and 
Karr W G A Comparative Study of the Phenoltetrachlorphthalein and Hemo- 
clastic Tests of Liver Function, Arch Int Med 34 282 (Sept ) 1924 
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It IS difficult to explain fully the changes obsei ved in the phenoltetra- 
chlorphthaleiii test The degree of retention of dye is greater in the 
piesence of ascites On the othei hand, lehef fioin the ascites did not 
affect the degiee of retention in the majoiity of instances The test in 
these cases is appaiently independent both of the degree of interference 
with the portal cn culation and of disturbances in the excretion of bile It 
most closely corresponds to the extent of the degenerative piocesses in 
the liver, and, while it may be modified by legeneration, it is possible 
that the aieas of regenerated hepatic cells aie functionally less efficient 
than normal This would explain m part the slight effects noted in 
relation to the size of the liver 

Following the experimental pioduction of biliary obstiuction, there is 
a close parallelism in the changes in the phenoltetiachlorphthalem test 
and the increase in the seium bihiubin Similail}, there is a cor- 
respondence between the increase in the seiuin liiliuibm and the degiee 



Chart 2 — Variations in the degree of phenoltctraclilorphthalein retention in 
different types of hepatic cirrhosis , the maximum normal level is indicated 

of retention of dye observed in cases of obstructive jaundice In cases 
of biliary cirrhosis, retention of phenoltetrachloi phthalein uniformly 
occurred It was more maiked in this condition than in the cases of 
portal ciirhosis, an obsei vation which may be i elated to the degree of 
retention of bile At the same time we wish to point out that the degiee 
of retention of dye is relatively greatei than one would expect to find in 
a case of obstructive jaundice having the same degree of bilii ubinemia 
This disproportion between the serum biiilubin and the phenoltetrachlor- 
phthalein we believe to be evidence of the marked changes present in the 
liver As such it may have clinical significance 

COMMENT 

We have reported a senes of cases of chionic hepatitis with inflam- 
matory and proliferative changes of the type usually described under the 
head of cirrhosis From the clinical point of view a detailed discussion 
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of the classification of such cases seems unwise at the piesent time, foi 
Intel mediate and mixed forms occtti, particulaily in the terminal stages 
of the process, howevei, the pieseiice or absence of ascites and jaundice 
and then sequence may seive foi tentative division of cases into those 
of poital and biliary ciirhosis, respectively 

Functional tests may be taken as further evidence of the validity of 
this dittei entiation In common with our expeiience in other hepatic 
conditions we have found it difficult to demonstiate consistently changes 
in the metabolic functions of the Iner, Avith particular reference to 
changes in carbohydrate oi piotem metabolism The most striking 
changes ha\e been those shown by the use of phenoltetrachloiphthalem 
In adianced cirrhosis of eithei type, marked retention of dye occuried 
vithout refeience to the piesence of jaundice oi ascites In portal 
cinhosis the sti iking functional obseivation is the high degree of reten- 
tion m the absence of bilirubinemia This evidence of dissociation of 
function IS characteristic, similai changes have been observed previously 
h\ us in carcinomatous invohement of the liver without icteius The 
degiee of retention of dye in this series of cases of portal cirrhosis 
roughl} coi responded to the degree of supposed hepatic damage, being 
slight in those cases nithout ascites which presumably were representa- 
tive of an early stage of cirrhosis with minimal distuibance of hepatic 
function At the same time, a diiect relationship was not observed 
between the degiee of letention of dye and the degiee of ascites present 
Fuithcrmore, the complete disappear ance of ascites is not accompanied 
b}^ disappearance of the retention, and we feel that the circulatory dis- 
turbance lesponsible for the ascites is not of itself an index of the 
degree of functional damage to the hvei It is possible that the phenol- 
tetrachlorphthalem test in cnrhosis is indicative of the functional hepatic 
damage and in a sense the balance between the degenerative and regen- 
erative processes in the Inei It is of interest in this connection to note 
the deciease in the degiee of retention of dye coincident with the clinical 
improvement in cases 1 (case 4, table 1) and 3 (case 17, table 2) in 
which medical treatment was instituted At the same time, one must 
recognize that a definite relationship could not be found between the 
exact degiee of retention of dye and the size of the liver 

In biliaiy cirrhosis, whether of the obstructive or nonobstructive 
t>pe, the seium bilirubin was uniformly increased This inciease in 
general was slight, coi responding to the mild degiee of chronic jaundice 
present in such cases Extieme degrees of bilirubinemia such as occur 
in the so-called catarrhal jaundice or m some cases of malignant obstruc- 
tion of the common duct were not seen As in such cases, however, a 
direct van den Beigh reaction was present m all cases of biliary cirrhosis 
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The phenoltetrachlorphthalein test is peihaps of less diagnostic sig- 
nificance in biliary cirihosis because of the associated retention of bile 
On the other hand, the degiee of retention of dye is greater than ordi- 
narily expected on the basis of the mciease in the serum bilirubin This 
dispi oportion apparently is i elated to the peimanent changes in the liver 
and so may have some diagnostic value 

ANALOGY BETWEEN CERTAIN TYPES OF RENAL AND 
HEPATIC DISEASES 

An analogy may well be drawn between abnormal conditions in the 
hvei and those observed in the kidney In cases of pyelitis or pyelone- 
phritis there is an infection, which peihaps is primary in the pelvis, but 
which later spreads to the lenal tissue proper In consequence of the 
long continued infection and the inteimittent obstruction, the parenchyma 
IS destioyed and replaced by fibious tissue, and a secondarily contracted 
kidney is ultimately pioduced In chronic glomerulonephritis, on the 
other hand, there is evidence of repeated injury to the renal parenchyma 
by toxic 01 infectious agents An inflammatory reaction with deposition 
of fibrous tissue follows, the epithelial degeneration leading in time to 
the foimation of a contracted kidney In arteriosclerotic or vascular 
disease of the kidney the interference with the renal circulation produces 
aieas of malnutrition with consequent atrophy and scarring This, too, 
leads to the development of a contracted kidney In each instance labora- 
toiy evidence of functional disturbances indicates the seventy of the 
process and confirms the clinical symptoms of renal insufficiency 

The gross appearance of some of these different types of contracted 
kidney may be similar, especially in the late stages The functional 
changes are similar in all If, as frequently occurs, a mixed or combined 
type of nephritis is present, it becomes difficult on pathologic evidence 
alone to determine the primary lesion, although this point may be clan- 
fied by clinical evidence, particulaily concerning the chronologic sequence 
of events 

Obviousty, care should be used in making an analogy between the 
diseases of these two organs and especially as legards the deductions 
drawn therefrom , nevertheless there are certain points of similarity In 
this manner, it is evident that the pathologic processes responsible for 
obstructive biliaiy cirrhosis resemble those seen in chronic p5'^elitis or 
chronic pyelonephritis The nonobstructive type of biliary cirrhosis and 
portal cirrhosis may be compaied with chionic glomerulonephntis and 
the arteriosclerotic kidney, respectively The cases of cirrhosis with 
terminal ascites and jaundice coi respond roughly to the end-stage or 
contracted kidney Combined or mixed forms of cirrhosis occur as do 
combined or mixed forms of nephritis 
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In this teiminal stage of cirrhosis, differentiation on clinical, func- 
tional or pathologic giounds may be impossible, and the nature of the 
initial piocess must be presumed largely from the history 

SUMMARY 

We aie impiessed with the fact that the condition termed cirrhosis 
of the liver is an end-iesult of chronic inflammatory, degenerative and 
pioliferalive changes that may be produced by a variety of disease pro- 
cesses The detei mination of the concentration of bilirubin in the serum 
and of the retention of phenoltetrachlorphthalem promises to be of 
assistance in the clinical study of such cases The other tests of hepatic 
function studied ha\e ser\ed to emphasize the importance of the great 
functional reserv'e of the Iivei They failed, however, to show signifi- 
cant or sufficient!}'’ specific changes to make them of any great clinical 
A able 

The phenoltetiachloiphthalein test is of particular value m the diag- 
nosis and study of cases of portal ciirhosis with ascites In such cases 
It IS apparently an index to the existing functional balance between 
degeneiatue and reparatne changes in the liver As such, the obser\a- 
tions are largely independent of the amount of ascitic fluid One case 
IS icported m vhich there was some evidence of improvement clinically 
and functional!}' and in which legenerative changes in the liver during 
treatment were assumed 

While jaundice is not a sti iking manifestation m portal cirrhosis, the 
study of the serum bilirubin showed the presence of latent icterus in 
seveial instances 

The stud} of the seium biliiubm has been of particular value in 
determining the degree of letention of bile m all types of biliary cirrhosis 
Retention of dye is uniformly piesent but is more marked than would 
usually be expected fiom the degree of bilii ubinemia This dispropor- 
tion is perhaps evidence of the pathologic changes in the liver 

In the end-stages of cirihosis, iriespective of whether it is primaril} 
portal or biliary in origin, the clinical picture and pathologic and func- 
tional changes may be well-nigh indistinguishable Diagnostic differen- 
tiation is then based on the chionologic sequence of the more remote 
events as elicited in the histoiy 

In ciiihosis of the liver functional studies aie proving of considera- 
ble clinical importance, particulaily from the standpoint of classifica- 
tion and differential diagnosis They stimulate more serious clinical 
investigation and emphasize the need of focusing the attention of physi- 
cians on the problems of hepatic disease 
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The degiee of h} perglycemia that follows the adniinistiation of 
glucose IS commonly used as a measuie of the efficiency of the sugar- 
utilizing mechanism of the body The method ordinal ily employed in 
pel forming this test is to measuie the concentiation of sugar in the 
blood at intervals after the ingestion of a ceitain amount of glucose 
The criticism has long been made that the speed with which glucose 
IS absoibed from the intestinal tract may var}’^ For example, Beeler 
and otheis ^ have demonstiated that an houi aftei the ingestion of glu- 
cose, fiom 22 to 68 pei cent may be aspirated fiom the stomach The 
amount may vary in difieient persons and in the same person fiom time 
to time However, they fail to show that the amount of glucose lecov- 
eied IS inveisely related to the height of glycemia It is well knovn, on 
the contrary, that the ingestion of ^al}]ng amounts of sugar abo\e 
50 Gm 01 so makes little difteience in the degiee of the resulting hyper- 
glycemia Nevertheless, some woikeis piefei to administei the glucose 
by intravenous injection Pievious vork on this subject has been 
adequately leviewed by Riglei and Ulrich,- and Joigenson ^ The essen- 
tial difference between the two methods is that glucose given by mouth 
passes first thiough the Inei, which it does not if introduced paien- 
teially We have seen no repoit concerning the use of both methods 
in the same subjects 

In the course of an investigation of the caiboh}diate metabolism of 
persons subject to recuiring convulsions,^ we had occasion to employ 

From the Laboratory of tlie Department of Neuropathologj', Harvard 
Medical School and the Medical Service of the Massachusetts General Hospital 

^ This research was made possible through a grant bj the Committee on 
Epilepsy, New York City 

1 Beeler, C , Bryan, A W , Cathcart, E P , and Fitz, R An Improved 
Alimentary Glucose Tolerance Test, J M Research 1 549, 1922 

2 Rigler, L G , and Ulrich, H L Blood Sugar Reaction Following Intra- 
venous Injection of Glucose, Arch Int Med 32 343 (Sept ) 1923 

3 Jorgensen, S Comparison Between the Intiavenous and Oral Applica- 
tion of Glucose for Loading of the Carbohydrate Metabolism, Acta Med 
Scandmav 55 116, 1926 

4 Lennox, W G , O’Connor, M , and Bellinger, AI Studies of the Aletab- 
olism in Epilepsy HI The Blood Sugar Curve, Arch Neurol & Psvchiat , to be 
published 
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both methods in a laige gioup of subjects Because the compaiative 
lesults obtained seemed to heai little lelationship to epilepsy, they aie 
presented heie This papei deals with 100 subjects whose blood sugar 
cui\es weie diawii following both oial and intiavenous administiation 
of glucose In all, 325 cuives weie made, 175 following ingestion and 
150 following intravenous injection of glucose 

myteri^l and methods 

Nine of the subjects were liealthj men students The rest, with a few excep- 
tions, were patients with so-called epilepsj' None had diabetes The tests were 
performed in the morning Fi\e cubic centimeters of venous blood were drawn 
from each subject when fasting, and at intervals of one-half, one and two hours 
alter the administration of glucose Specimens of urine were collected at the 
end 01 the tw'O hour period An amount of pure dextrose equal to 1 5 Gm per 
kilogram of bod\ weight in 33 per cent solution was ingested For the injection 
tests, we used an amount of chemicallj'^ pure anhydrous dextrose equal to 0 33 Gm 
per kilotrram of body weight m 20 per cent waterv solution In a few' instances 
wc buffered tbe glucose solution as recommended by Stoddaid° Because W'e 
feared that the injection of phosphate might modify results, and also because, in 
one instance, reaction occurred e\en with tins solution, w'e discontinued its use 
We followed the method of injection described by Rigler and Ulrich," except 
that a srringo and threewav stop-cock w'cre substituted for the pressure flask 
Glucose was injected at the rale of 4 Gm (20 cc of solution) per minute The 
a^crage pciiod of injection was approximately five minutes In addition to the 
prcMoush mentioned samples, blood was collected four minutes after the injec- 
tion Initial curses b\ the tw'o methods w'ere approximately equal in number 
Reactions occurred in a little more than 5 per cent of the tests On a given 
das, a reaction svould occur m only one of ses'cral subjects, all of svhom received 
the same material Although many of the subjects receised repeated injections, 
none had more than one reaction The use of freshly distilled svater, of old 
rubber tubing or of buffered solution did not prevent the appearance of an occa- 
sional reaction The blood sugar curse of patients ss’ho had reactions svas neither 
markcdls abnormal nor markedly different from other curves made svhen no 
reaction occurred 

Blood sugar svas measured by the method of Folm and Wu,® using the sugar 
lubes described bs Es ans," and urine sugar bj the method of Benedict, as recom- 
mended by 51111111“ For the sake of brevitj, sve shall speak of blood sugar curves 
follossing ingestion and intravenous injection of glucose as ingestion curves and 
injection curves, respectively 


RESULTS OBTAINED 

In table 1 sse piesent intiasenous curves of eleven healthy subjects, 
for nine of whom ingestion cuives also weie diawn Two of us seived 
as noinial controls, the other subjects weie medical students who had 
had lecent physical examinations So far as we aie awaie, theie are no 


5 Stoddard, J L The Avoidance of Intravenous Glucose Reactions, Boston 
M S J 191 1121 (Dec 11) 1924 

6 Folin and Wu, H A System of Blood Analysis A Simplified and 
Improved Method for Determination of Sugar, J Biol Chem 41 367, 1920 

7 Rothberg. V E, and Evans, FA A Modified Folin and Wu Blood 
Sugar Method, J Biol Chem 53 443 (Dec) 1923 

8 Smith, A, Micio-Modificalion of the Method of Benedict for the 

Quantitative ’Determination of Reducing Sugar in Urine, J Lab & Clin Med 
7 3 (T^Tarch) 1922 
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published measurements of sugar curves from known normal subjects fol- 
lowing intravenous injection of an amount of glucose similar to that used 
m these experiments The seven nondiabetic patients whom Rigler and 
Ulrich 2 used were mostly subjects fiom whom abnormal reactions were 
io be anticipated (patients with hypertension, arthritis, cancer or of 
advanced age) The blood sugar had reached the fasting level m these 
patients by the end of two hours Jorgensen and Plum ° and Jorgensen ® 
injected 20 Gm of glucose dissolved in 50 cc of water in then subjects 
and drew capillary blood for examination at frequent inteivals In then 


Table 1 — Blood S%igm Curves of Healthy Subjects Following Injection and 

Ingestion of Glucose 


Blood Sugar, Mg per 100 Cc Blood 

Amount , — > 

Glucose Minutes Alter Glucose Injected Unne 
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* gram per Lilogram ol glucose injected intravenously 

t One and five-tenths grams per Kilogram of glucose ingested, except in subject 9 ulio 
received 0 75 Gm per Kilogram 

The measurements for subject 1 ate the average of lour intravenous and six ingestion 
curves, and for subject 2 the average of two intravenous and two Ingestion curves 

The average values are lor the first nine subjects Missing 60 and 90 minute values are 
supplied by interpolation 


two published reports they tabulate obseivations on thnU-two non- 
diabetic patients, most of whom had no disease condition that might in 
itself give an abnormal blood sugai cuive In all but six of their 
patients, the blood sugar had returned to normal within ninety minutes 

Blood from our normal subjects was taken four, fifteen, thiit)'’, sixty, 
ninety and 120 minutes after the injection of glucose Blood sugar 
returned to the fasting level as follows in fifteen minutes, one subject, 
in thirty minutes, three subjects, in one hour, six subjects and in two 

9 Jorgensen, S , and Plum, T Differential Diagnosis Between Benign and 
Malignant Glycosuria by Means of Intravenous Injections of Small Quantities of 
Grape Sugar, Acta med Scandinav 58 161 (Mav 22) 1923 
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horns, one subject Though oui gioup of normal controls is small, we 
aie foicecl to use it as a standaid foi judging the measurements fiom 
the laigei gioup of patients Chait 1 shows the aveiage ingestion and 
injection curves of these nine subjects It will be seen that although the 
glucose injected was but 24 pei cent of the amount ingested, the peak of 
tlie aieiage injection cuive is much the highei Howevei, after the fiist 
piccipitous fall of the injection cuive, the two cuives lun a neaily 
paiallel couise 

Compaiison of the injection and ingestion curves of each subject 
shous substantial agieement between the two methods For example, 
both Clines of subject 7 show that theie was a remaikably quick disposal 
of siigai Fifteen minutes aftei injection and thirty minutes after 
ingestion of glucose, the blood sugai was below the fasting level 

MlMUTCS— AFTCft INJECTION 



Chart 1 — The .n crage blood sugar curves following the ingestion of 89 Gm 
of glucose and the injection of 20 Gm of glucose in the same nine healthy sub- 
jects (data from table 1) Ordinate represents milligrams of glucose per 
hundred cubic centimeters of whole blood Abscissa represents minutes after 
administration of glucose The two curves are placed so that their peaks cor- 
respond 

The data obtained fiom the whole niimbei of subjects are too numei- 
ous to peimit piesentation in detail For the puipose of compaiison, 
we ha\e endeavored to expiess the height of each blood sugar cuive by 
a numbei This figuie, which we shall speak of as the index number, 
was obtained foi ingestion expeiiments by adding the highest and the 
two houi measui ements of blood sugar and dividing by two times the 
fasting value In the case of intiavenous tests, we feaied that the sugar 
content of the blood diawn at foiii minutes might show vaiiation because 
of incomplete mixing oi because of the lapidly diminishing concentiation 
of glucose, and used the half houi value as the highest In several 
instances we weie not able to calculate the index numbers of curves 
because two houi measurements were lacking In charts 2 and 3 we have 
plotted the index numbers of the intravenous and the ingestion curves 
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against each othei In these chaits, if the height of cuives obtained by 
these two methods weie pi oportional, the dots would fall in a zone 
extending fiom the lowei left coinei to the uppei light corner of the 
chart 

Chait 2 presents the lesults obtained by plotting the index numbers 
of individual ingestion and injection cuives against each other 
Measuienients of healthy subjects aie lepiesented hy ciosses, of patients 
on whom a single test by each method was made, by solid dots, and of 
those on whom repeated tests were made by circles In the last gioup, 
the fiist injection cuive of a subject was plotted against his first ingestion 
curve, the second injection cuive against his second ingestion ctin^e, 
etc In seeking to obtain a standaid of noimal correlation of 
these index numbers, we diew a squaie in chaits 2 and 3 which 
includes seven of the nine measuienients fiom health} peisons listed 



Chart 2 — Comparison of US measurements m which the height of ingestion 
and injection curves was compared Ordinate represents the height of injection 
curves and abscissa the height of ingestion curves, as indicated by an index 
number The index numbers were obtained bj' adding the highest value and the 
two hour value of curves and dividing by twice the fasting value In the injec- 
tion curves the half hour value was used in place of the highest Crosses repre- 
sent normal controls Dots represents measurements of subjects on whom only 
one test was performed, whereas circles represent measurements of subjects on 
whom two or more tests by both methods were performed The large square 
indicates limits of normal and the zone between broken lines the area m which 
there is correspondence between height of ingestion and injection curves 

in table 1 Of the remaining two, the ingestion curve of subject 9 was 
not strictly normal, and because the hypoglycemia that existed at the 
end of the first hour was not taken into account, the injection curve of 
subject 7 was really lower than the index number would indicate The 
blood sugar curves lepresented by the limits of this square aie within 
rather strict limits of normal The parallel dotted lines extending from 
the coineis of the square define a zone, values within which show some 
propoitionahty in the degree of hypeiglvcemia following ingestion and 
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injection ot glucose Inspection of chart 2 shows a wide scatteiing of 
the dots and ciicles However, of the 115 nieasui ements, eighty-six or 
/5 pel cent aie within the zone that we have maiked as noimal 
Measurements of patients on whom lepeated tests were made were 
moie scatteied than measui ements of those on whom but a single test 
was made, piobably owing to the fact that tests weie lepeated moie 
fiequently on patients who piesented abnoimal initial lesults 

As has been stated, most of these measui ements weie made on per- 
sons subject to convulsions As noted in a previous papei,^ the blood 
sugai cuiies of many of these patients piesented abnoimal vaiiation in 
the level and configuiation of successne cuives Foi this leason, it is 
probable that the measui ements lepiesented in chart 2 show a moie 
widespiead scattering than would measurements of patients whose 
phisiologic functions weie moie stable Some of this variability can 
be neutiahzed by taking the aieiage of several cuives lather than indi- 
vidual Clines This has been done in chart 3, which lepresents average 



Chart 3 — Comparison of the average height of blood sugar curves (as repre- 
sented bj' their index numbers) from twenty-two subjects on whom two or more 
tests by both methods weie performed The letters indicate the subjects whose 
blood sugar curves ivere presented in figure 4 N is a normal subject, the others 
arc patients 

measui ements of the lwent)-two subjects on whom two oi moie blood 
sugai tests weie made by each method Of these twenty-two, 
nineteen oi 87 per cent are within the noimal zone Theiefore, in 
this gioup of nondiabetic patients, many of whom leacted to the admin- 
istration of glucose in an abnoimal manner, there is a faiily normal 
degiee of piopoitionahty in the height of blood sugai cuives following 
ingestion and injection of glucose 

In 01 del to vizuahze more cleaily the differences shown in some of 
these subjects, chait 4 presents the aveiage curves of eight of the sub- 
jects ivhose measui ements are on the peiipheiy of the group shown in 
chait 3 The letters placed near the dots in chait 3 indicate subjects 
ivhose cuives aie lepiesented in chait 4 The curves letteied N lepre- 
sent the aveiage of six ingestion and four intravenous curves of one of 
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us A lepiesents the one extreme example of a patient whose average 
ingestion curve was dispi oportionally highei than her average injection 
curve The average injection cuive, judged by the curves of normal 
subjects in table 1, was slightly ele\ated, wheieas her average ingestion 
curv^e was clearly diabetic in type She showed no symptoms of diabetes 
except a gam of 28 pounds (12 7 Kg) m weight during the twenty 
months of obseivation In contiast with this is case B Her average 
ingestion curve, though abnormally high, was lower than that of A, but 
during the fiist half hour following the injection of glucose there was 
distinct delay in the lemoval of glucose fiom the blood Although this 
patient had no symptoms of diabetes, theie was a family history of 
disturbance of the endocrine glands, namel}, a sister had died of 
diabetes, her mother had exophthalmic goiter, and a brother had 
myxedema Patients C and E had low ingestion curves and moderately 



panying each curve indicate the number of tests which were performed by each 
method The curves drawn are the average of these separate curves 

elevated injection curves Case G had curves which weie low and 
exactly proportional Regarding the seveial subjects in whom there 
was a discrepancy between the height of ingestion curves and of injec- 
tion curves, we do not know the cause of this discrepancy or which of 
the two methods gages the efficiency of the sugar regulating mechanism 
more correctly 

Chait 5 IS given as an example of the fact that both ingestion and 
injection cuives may give intermittent evidence of delay in the removal 
of glucose from the blood The figure lecords five ingestion and four 
injection curves of a patient who had essential hypertension and epilepsy 
In the first two ingestion curves, numbered 1 and 5, the concentration 
of blood sugar at one hour was much greater than at one-half hour 
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Two of the injection cui\es also, iiiiinbered 3 and 4, showed siinilai 
delay For thiity minutes after the injection, the concentration of 
glucose in the blood leinained stationai} Fi\e other curves of this 
subject weie not markedly abnormal 

The question next aiises concerning’ the degree of dispersion of 
values obtained in a group of subjects tested by the two methods 
Jorgensen ^ has compaied his cur\es diawn for nondiabetic patients 
following iiitiavenous injection of 20 Gm of glucose with Hagedorn’s 
cur\es from normal subjects following ingestion of 1 Gm of glucose per 
kilogiam of body eight Joigensen s curves show 20 per cent deviation 
from the mean against a 39 per cent deviation for those of Hagedorn 
This comparison is open to criticism because one obsen'^ei used patients 
and the other used normal subjects Our observations are free from 
this objection because the same subjects were used for both tests 

Chart 6 represents the comparative frequency of ingestion and injec- 
tion curves of ^a^ous heights in our group of 100 subjects Index 


MIN 30 60 lao 30 60 (20 4 30 60 120 4 30 60 120 



Chart 5 — Five injection and four ingestion cur\es of a patient with essential 
hypertension and epilepsy made during a period of twenty months Certain 
curves by each metliod show initial dela}' in the removal of sugar from the blood 
The numbers indicate the order m which the tests were performed 

numbers of 122 injection and 154 ingestion curtes are plotted Because 
our method of computing index numbers is arbitrary, the two curv'^es are 
placed so that their apexes coincide It will be seen that the distribution 
of normal curves (those with index numbers of 1 6 or below) is much 
alike for the two methods However, the proportion of curves with 
index numbeis above 1 6 is 18 5 pei cent for ingestion and 5 6 per cent 
foi injection curves This indicates that the ingestion method gives 
a greater proportion of higher cuives We have pointed out elsewhere 
that the difference between successive curA^es Avas less for injection than 
for ingestion curves Injection tests did not gn^e so many curA'-es that 
Avere high only on initial trial This smallei degree of A^ariation in results 

10 Hagedorn, H C Undersdgelser A'edrdrende blodsuhkerregulationen hos 
menneshet, Thesis, Copenhagen, 1921 

11 Lennox, W G, and Bellinger, M Repeated Blood Sugar Curves m 
Nondiabetic Subjects, to be published 
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obtained by intravenous injection of glucose may be due, of course, to 
the much smaller amount of glucose used in the intiavenous tests In 
another article we made a comparison of duplicate curves following 
ingestion and injection of the same amounts of glucose 

RENAL THRESHOLD 

The older hteratuie dealing with glycosuria following intiavenous 
injections of glucose has been reviewed by Allen and Kleiner Vari- 
ous authois have suggested that lenal permeability may be altered for 
glucose which is introduced parenteially In 1913 Thannhanser and 
Pfister observed that when glucose was injected intravenously, the 
assimilation limit was only about 20 Gm More recently Rosenberg 
and Varela and Rubino have shown that although glucose given by 
rectum may lesult in only a slight inciease m blood sugai, glycosuria 
may occui We have seen no obseivations in which lesults following 



Chart 6 — Comparative frequenc}' of various heights of 122 injection and 154 
ingestion blood sugar curves Ordinate represents the percentage of the total 
number of curves Abscissa indicates the index numbers of curves The scales 
are arranged so that the apexes of the two curves coincide The two curves are 
roughly parallel, except that there is an undue proportion of high ingestion curves 

both enteral and parenteral administration of glucose weie secured from 
the same group of subjects 

Table 2 presents the obseivations legaiding the presence or absence 
of glycosuria in 160 ingestion and 137 injection experiments Theie is 

12 Lennox, W G , and Bellinger, M Stimulation of the Sugar Regulating 
Mechanism as Shown by Duplicate Blood Sugar Curves, to be published 

13 Allen, F M Glycosuria and Diabetes, Harvard University Press, 1913 

14 Kleiner, J S The Disappearance of Dextrose from the Blood After 
Intravenous Injection, J Exper Med 23 509, 1916 

15 Thannhanser, S J , and Pfitzer, H Ueber experimentelle Hypergb^kamie 
beim menschen durch intravenose Zuckeriiijektion, Munchen med Wchnschr 
9 2155, 1913 

16 Rosenberg, Max Ueber die praktische Bedeutung der allmentaren Hyper- 
glykamie Kurve, Kim Wchnschr 1 360 (Feb 18) 1922 

17 Varela and Rubino Rektale Dextrosezufuhr und Blutzucker, Med Klin 
18 831 (June 25) 1922 
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CMclent contiast between the incidence and degree of glycosuria in the 
two gioups Thirty-four pei cent of the ingestion experiments weie 
associated with glycosuria, against 85 per cent of the injection experi- 
ments Comparison of the total results is hardly fair, howevei, because 
concentration of blood sugar m most of the injection curves was above, 
and in ingestion cuives below, 200 mg However, there is marked con- 
tiast in the piopoition of subjects showing glycosuria at various levels 
of blood sugar In the ingestion tests, the proportion presenting glyco- 
suiia decreased as the level of the blood sugar fell For example, with 
blood sugar abo\e 200 mg , 59 pei cent of these subjects had glycosuria, 
^\hereas with the blood sugar below 200 mg, only 30 per cent had 
gl}cosuria In the injection expeiiments, on the other hand, the elevation 
of the blood sugar made little difference in the incidence of glycosuria 
Abo\e 200 mg the piopoition was 87 per cent, below 200 mg, 83 per 

T \!iLi 2 — P} opol Iwn of Subjects SJtozuiug Glycosuna Following Ingestion and 

Injection of Glucose 
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cent 1 hough the amount of glucose excreted was small in both groups, 
the aAeiage amount was twice as much for injection as for ingestion 
tests , namely, 1 12 Gm for the former against 0 53 Gm for the latter 

These differences are moie significant when one remembers that in 
each test neaily five times as much sugar was ingested as was injected, 
and in the ingestion experiments the high levels reached were maintained 
foi a longer time than in the injection expeiiments Again, though in 
our injection experiments we always obtained blood at or near the peak 
of the curves, in our ingestion experiments hyperglycemia may have 
been greater than our measurements, made at half hourly intervals, 
uould indicate 

The more ready excretion of intravenously injected glucose may 
possibly be explained by the fact that the rate of injection (4 Gm a 
minute) piesumably was faster than the late of absorption from the 
intestines That a rapid rate of intioduction of glucose into the circula- 
tion IS not necessarily associated with increased glycosuria, is suggested 
by the experiments presented m table 3 In subject A, 3 Gm of glucose 
per kilogiam (186 Gm m all) were injected at the rate of 6 Gm per 
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minute, and 114 Gm of glucose weie excieted In subject B an equal 
amount of glucose per kilogiam (205 Gm m all) was injected at half 
this late (or 3 Gm per minute), and 15 1 Gm were excreted In tliese 
experiments the glucose was given in two equal doses The mteival 
between injections was approximately an hour In each case glycosuria 
was greater with the second injection This is seen more clearly with 
subject B Although hyperglycemia was not nearly so high after the 
second injection of glucose, the amount of sugar excreted was twice as 
gieat These two subjects showed little or no glycosuria when an equal 
amount of glucose (3 Gm per kilogram) was ingested These observa- 
tions, though few, suggest that the slower entrance of glucose into the 
blood stream may not be entiiely responsible for the smaller degree of 
glycosuiia which accompanies the ingestion of glucose 


Table 3 — Glycosuua with Rcfcicnce to Duplicate Injections of Laige Amounts 

of Glucose at Diffeicnt Rates 
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In the injection experiments summaiized in table 2, glucose was 
injected at the same rate m all , yet there was lack of correlation between 
the incidence of glycosuria and the elevation of blood sugar It is pos- 
sible, as various writers have suggested, that glucose which first passes 
through the intestines and liver is modified in such a manner tliat it is less 
readily excreted than glucose which is introduced diiectly into the blood 
stream In view of these observations, the assumption of W oodyatt and 
others that the ability of the body to assimilate ingested glucose can be 
measured by the appearance of glycosuua following its injection, is per- 
missible 

COMMENT 

Because none of our subjects had diabetes, the data here presented 
cover lather a narrow range with regard to the degiee of abnoimality 
of the blood sugar curves So far as we could judge fiom the use of 

18 Woodyatt, R T , Sansum, W D , and Wilder, R M Prolonged and 
Accurately Timed Intravenous Injections of Sugar, JAMA 115 2067 
(Dec 11) 1915 
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the tAvo methods m this gioup of nondiabetic subjects there was a faiily 
close agi eement between the two m most instances At any rate, the dis- 
ci epancies between the two methods were no greater than the vaiiations 
between successive tests by the same method 

The amounts of glucose that we injected were proportional to the 
V eight, and theiefoie to the blood volume, of the subjects If all the 
glucose Aveie to lemain in the blood until four minutes after the injec- 
tion, the concentration of sugai in the blood would be increased approxi- 
mately 350 mg per hundred cubic centimeters For example, the 
aAcrage amount of blood sugar in nine normal subjects would be 450 mg 
aftei the injection, instead, it A\^as 223 mg, as shown at the bottom of 
table 1 Therefore, during the nine minutes which elapsed after the 
injection Avas begun appi oximatel)'' one half of the injected glucose had 
disappeaied fiom the blood The rate of disappearance during this 
period Aaried in different subjects, as may be seen by a comparison of the 
four minute A'alues in table 2 and in chart 4 

With regard to the comparatn^e usefulness of the two methods, we 
may summarize the advantages of the intiavenous loute as folloAVS 
This method offeis accurate dosage The injection of 20 Gm of glucose 
lesults in as high a blood sugar curve as the ingestion of 100 Gm 
(chart 1) , therefoie, the intiavenous route is particularly useful Avhen, 
as in testing diabetic patients, one Avishes to administer a minimum 
amount of glucose When blood is taken at frequent intervals duiing 
the course of the tests, the intravenous curve is much smoothei than the 
ingestion cune IntiaA^enous curves exhibit less variation from subject 
to subject, and m the same subject less variation from time to time 
As opposed to these advantages, the intravenous method has the fol- 
lowing disadvantages It requnes more time and trouble of the investi- 
gatoi, and subjects those being investigated to an occasional leaction 
]Moie serious is the objection that glucose which is injected directly into 
the blood stream is in the natuie of a foreign body When glucose is 
injected, glj^cosuiia is more pionounced and not so dependent on renal 
threshold Also, as Ave suggest elseAvhere,^- injected glucose may have a 
less stimulating effect on caibohydrate metabolism than ingested glucose 
Ihese obseivations suggest that glucose Avhich enters the body by way 
of the intestines and passes fiist thiough the liver is treated in a some- 
Avhat different manner fiom glucose Avhich is introduced directly into 
the blood stream A blood sugar cuive test following intravenous injec- 
tion of glucose Avould, theiefoie, seem to be less nearly physiologic than 
one folloAvmg its ingestion This considei ation is largely theoretical 
If, as our study suggests, theie is geneial coi respondence in results 
obtcimed by both methods, choice of method is largely a mattei of con- 
Acnience lather than of pimciple We believe that from the standpoint 
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of diagnosis, liberal interpretation of blood sugai curves and repetition 
of abnormal initial cuives is of moie importance than the method used 

SUMMARY AND CONCLUSIONS 

1 We have plotted the blood sugar curves of 100 nondiabetic sub- 
jects following both intravenous injection and oial admimstiation of 
glucose 

2 Of 115 cuives, drawn by both methods, which could be plotted 
against each other, there was a noimal degiee of correlation in approxi- 
mately 75 per cent The aveiage curves of twenty-two subjects on 
whom lepeated tests were made by both methods showed normal cor- 
relation in 87 per cent 

3 When glucose was injected, gl 3 cosuria was more frequent and 
more pronounced than when glucose was ingested, and boie little rela- 
tionship to the concentration of sugar in the blood 

4 The comparative advantage of the two methods aie discussed 



BLOOD BILIRUBIN 

ESTIMATION AND CLINICAL SIGNIFICANCE 
F S PERKIN, MB (Tor) 

ANN ARBOR, MICH 

Bilirubin is the most impoitant of the bile pigments, the remaining 
two, biliverdm and bilicyanm, being oxidation piodticts of bilirubin It 
occuis m the blood as an acid and is therefore capable of foimmg salts 
diftermg m piopeities fiom the free acid It is produced as the result 
of the break-down of the led cells of the blood, this probably occurs 
in the lamifications of the reticulo-endothelial system and has been 
shown to be almost entirely extiahepatic The biliiubin so pro- 
duced is carried m the blood stieam as a colloidal suspension and 
excreted from the livei into the bile passages Before this excretion 
occurs, it undergoes a transformation in the liver cells fiom the form 
m which it IS found m the blood to that m which it appeals in the bile 
The exact nature of this comeision is a matter of dispute, but the 
lecent woik of Colhnson and Fo w weather - tends to show that it 
consists of a change of the acid bilirubin into a soluble alkaline salt by 
union with ammonia As they point out, it has been demonstrated in 
connection with d} es used foi visualization of the gallbladdei that only 
those which form true solutions are excreted with any degree of 
lapidity They advance consideiable evidence m support of their 
theor} , which appai ently wai rants serious consideration 

The quantitative determination of blood bilirubin as a routine labora- 
toi} measure is a comparatively recent development It is based on 
the van den Bergh leaction for the estimation and lecognition of bili- 
lubin 111 blood seium^ This estimation, on which the majority of 
figures foi blood bilirubin previously noted have been based, was later 
pointed out b} lan den Bergh to be fai from accurate, fiequently as the 
result of a loss of biliiubm m the albuminous precipitate formed In 
cases of a direct or biphasic leaction, this loss is consideiable, although 
not so marked when the leaction is indiiect The technic of Thann- 
hauser and Andersen^ has oveicome this objection by first mixing the 
diazo reagent with the test plasma, then adding the alcohol and saturated 

*From tile Department of Internal Medicine, University of Michigan, and 
Clinical Laboratories, University Hospital 

1 Mann, F C , Bollman, J L, and Magatli, T B Am J Physiol 68 114, 

1924 

2 Colhnson, G A , and Fowweather, F S Brit M J 1 1081, 1926 

3 Van den Bergh and Snapper Deutsches Arch f klin Med 110 540, 1913 

4 Thannhauser, S J , and Andersen, E Deutsches Arch f .klin Med 
137 179, 1921 
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ammonium sulphate After shaking and centiifugahzmg, the clear 
alcoholic solution of azobihiubm is on the suiface with the ammonium 
sulphate at the bottom and an intervening layer of white albuminous 
piecipitate McNee ° found that this estimation gave results varying 
from as high as thiee times that of the original van den Bergh method 
in blood showing a direct or biphasic reaction, and 25 per cent higher 
in blood giving indirect reactions Similai results were obtained in 
our laboiatoiy 

A study was undertaken of bilirubin levels m the normal person and 
in a senes of cases m which abnormal results weie to be anticipated 
The method used was essentially that of Thannhauser and Andersen, 
with some modifications 

METHOD 

To 2 cc of oxalated plasma is added 2 cc of diazo reagent, freshly prepared 
After from two to three minutes 5 cc of 95 per cent alcohol and 2 cc of 
saturated solution of ammonium sulphate are added The solution is centri- 
fugalized after shaking The supernatant fluid is carefully drawn off and 
compared in a colorimeter, preferably of the Du Bosq type as more accurate, or 
m a Hellige colorimeter, with the standard solution described in the following 
The result is multiplied by 4, none of the azobihrubm being dissolved in the 
ammonium sulphate, and expressed in mg per thousand cubic centimeters of 
blood 

The use of plasma instead of serum obviates to a great extent the occurrence 
of hemolysis which interferes with the reaction and also gnes a cloudy super- 
natant fluid Even wnth the use of oxalated blood, earlv centnfugalizmg is 
advisable, although not absolutely necessary 

The standard is made by dissolving 2 161 Gm of anhydrous cobalt sulphate 
in 100 cc of distilled water The salt must be absolutely anl^’drous and chemicallv 
pure, and when possible the solution should be checked against pure bilirubin 
This standard gives a color equivalent to that given b> 5 mg of bilirubin per 
thousand cubic centimeters of blood, which constituted the old van den Bergh 
“unit ” Various strengths of the aforementioned standard may be prepared for 
convenience in reading higher values of the unknown When dilution of the 
unknown is necessary, 65 per cent alcohol should be used 

This standaid is permanent if kept in the daik The advantages 
ovei the etheieal solution of non rhodanate originally used are obvious 
as regards both accuiacy and convenience 

The use of this method does not interfere with the determination 
of the qualitative van den Bergh reaction If on addition of the diazo 
reagent to the plasma, a reddish violet color appears within thirty 
seconds, the leaction is direct If the color appears later than this and 
continues to deepen with a fuithei increase on addition of the alcohol, 
the reaction should be classed as biphasic If a color does not 
develop on addition of the diazo reagent, the reaction is, of course, 
indii ect 

The direct reaction is given by bilnubin onl)’^ in the foim in which 
it appears in the bile, that is, in cases of obstructive jaundice There is 


5 McNee, J W, and Keefer, C S Brit M J 2 52, 1925 
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consideiable evidence for the assumption that the biphasic reaction seen 
in aisenical jaundice, catairhal jaundice and other cases of toxic or 
infective hvei disease is the result of damage to the excreting cells of 
the liver, so-called hepatitis The interpretation of the biphasic 
reaction, howe^er, must be absolutely clear to avoid error, as reactions 
simulating the biphasic aie gnen in cases of obstructive jaundice in 
uhich the patients are recovering In cases in which an indirect reaction 
alone is obtained, all the bilirubin present is the result of hemolysis, in 
a normal or abnormal degree 

NORMAL VALUES 

^^''lth the object of definitely determining the normal range using 
this method, the blood of fifty presumably normal persons, medical 
students, interns and others was examined With one exception, the 
highest reading v as 3 5 mg , the lowest 0 5 mg Eight showed less than 
1 mg , twenty-nine between 1 and 2 mg and twelve 2 mg and over 
The one exception had a bilirubin of 7 5 and 8 5 mg on two occasions 
some weeks apart He v as born in India, and he had never been found 
to ha\e jaundice on clinical examination The blood counts, smear and 
other laboratory tests did not show anything of note, the fragility test 
shoved hemolysis commencing at 044 per cent and complete at 0 32 
per cent The liver was somewhat enlarged, and the case was probabl) 
one of chronic hepatitis 

Race and sex did not have an} apparent influence, four negroes, 
two Orientals, and representatives of various other races being included 
in the series The influence of pigmentation was not so marked as I had 
been led to expect, but definite brunettes tended to give slightly higher 
values Blonds averaged 1 2 mg , the intermediate group 1 3 mg and 
brunettes 1 8 mg 

Repeated readings on the same person at intervals of several days 
ga\ e results that did not vary more than a small fraction of a milligram 
The effect of diet was not marked, although the observation that fasting 
specimens gave slightly higher value was confirmed ® 

Analogous to this, and contrary to the statement that " ingestion of 
carbohydrate tends to increase the bilirubin content, was the finding in 
determinations made on patients undergoing glucose tolerance tests A 
decrease in bilirubin averaging 0 5 mg occuried in practically every 
case, as a rule in the second houi specimen, seldom in the first hour 
specimen The method of performing these tests, however, involved 
giving 1 75 Gm of glucose per kilogram of body weight in a fairly 
concentrated solution , and the possibility of the decrease being due to 
a change in blood volume must be borne in mind 

6 Broun, G O , Ames, 0 , Warren, S , and Peabody, F W J Chn 
In\ estigation 1 295, 1925 

7 Wliipple Harvey Lecture, 1921-1922, vol 95 
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CLINICAL APPLICATIONS 

The quantitative determinations of blood bilirubin, togethei with the 
type of reaction given, aie of consideiable impoitance m a variety of 
conditions, from the point of view of diagnosis and prognosis and as 
an index to the progiess of the disease This is tiue in cases of 
damage of various types to the liver, diseases of the gallbladder and 
biliary tiact, diseases of the blood and blood-forming organs, and 
possibly othei conditions in which the significance of the bilirubin 
IS not as yet appreciated At the same time, a quantitative estimation of 
ui obilmogen in the urine ® afifords a valuable check and confirmatory 
evidence 

Probably the most impoitant practical applicatfon of the deteimina- 
tion IS, as a routine measuie, m patients leceiving arsenicals, particularly 
of the arsphenamme group Here it afifords the eaihest possible indica- 
tion of damage to the liver If a lecord of the blood bilirubin value is 
made at the commencement of the tieatment and repeated at regular 
intervals during the course, one may pioceed with safety as long as the 
reading lemains noimal A rise of even a few milligrams is significant, 
and the patient should be treated accoidingl} Any considerable rise 
calls for the immediate cessation of treatment Once an arsenical 
hepatitis IS established, deteimmations of the bilirubin aftord a reliable 
evidence concerning the severity and pi ogress of the lesion The 
type of reaction given in these cases is always biphasic, though this is 
recognized with difificulty if the value is low The tables illustrate 
results obtained by this method in vaiious types of cases 

As will be noted from table 1, the bihiubin test in arsenical jaundice 
gives high results, despite the fact that the disease ivas marked in onh 
one of the foregoing cases Incidentally, the highest values that I have 
seen occuried in two cases of Weil’s disease m Toronto General Hos- 
pital which aie not included in the piesent senes, at the height of the 
disease the readings wei e 340 and 370 mg , respectively, estimated 
according to the method desciibed herein This is considerably highei 
than occurs in piesumably complete obstruction of the biliary tract 

In the two cases of arsenical dermatitis included in the series, the 
bilirubin content was not inci eased 

The patient in case 7 was a woman who two days after delnen 
showed a slight degree of jaundice without fevei and with mild anemia, 
the jaundice progressed for six or seven days, and then giadually dis- 
appeared In view of the biphasic reaction, a (diagnosis of toxic 
hepatitis was made The patient in case 8 was a woman with a 4 plus 
Wassermann i each on, who two yeais pievious to the piesent admission 

8 Wallace, G B , and Diamond, J S Significance of Urobilinogen in Urine 
as Test for Liver Function, with Description of Simple Quantitative Method for 
Its Estimation Arch Int Med 35 698 (June) 1925 
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had undeigone a splenectomy for splenomegaly and severe secondary 
anemia She now showed jaundice, enlarged liver and marked anemia 
Syphilis may or may not have been the etiologic factor in the condition, 
which in many lespects lesembled Banti’s disease 

As will be seen, the observations in ciirhosis are variable, depending 
laigely on the type As a rule, the portal variety shows the direct 
leaction of obstiuctive jaundice 


THYROTOXICOSIS 

Eight patients with thyrotoxicosis were chosen at random from those 
under tieatment in the wards, all showed typical signs and symptoms 
of hyperthyroidism with basal rates of from plus 35 to 75 The bili- 
rubin was not ovei 2 mg pei thousand cubic centimeters in any case, 


Tabu 1 — Results of Tests for Blood Btlvubin tn Conditions 
Involving the Live) 


C I'O 

Dinpnosis 

Mg- per 1,000 Cc 

Reaction 

1 

\rscnical jaundice 

IS’C 

Biphasic 

o 

Arsenical jaundice 

S3 

Bipbasic* 



72 

Biphasic 



68 

Biphasic 

3 

Arsenic tl jaundice 

36 

Biphasic 

4 

Arsenical jaundice 

29 5 

Biphasic 


Arsenical dermatitis 

25 

Indirect 

G 

Arsenical dermatitis 

1 5 

Indirect 

7 

Hepatitis, postpartum 

26 6 

Biphasic 



18 5 

Biphasic 

8 

Hepatitis, syphilitic 

25 

Biphasic 



42 

Biphasic 



36 

Biphasic 

9 

Hepatitis, sjphilis, ancmi i 

4 

Indirect 

10 

Portal cirrhosis 

34 

Direct 

11 

Portal cirrhosis 

24 

Direct 

12 

Cirrhosis ascites 

1 5 

Indirect 

13 

Cirrhosis, aseitcs 

1 

Indirect 

14 

Cirrhosis, ascites 

1 6 

Indirect 


* Under thlosulphntc treatment 

and It was as low as 0 5 mg The consistently normal values would 
seem to indicate that the degree of possible damage to the liver, so far 
as these cases weie concerned, is so slight as not to effect the bilirubin 
values to any discernible extent 


CONDITIONS INVOLVING GALLBLADDER AND BILE DUCTS 

The results in cases of cholecystitis and cholelithiasis without 
obstruction show that the hepatitis that has been stated- by various 
authors frequently to accompany these conditions is not as a rule demon- 
strable by inciease in bilirubin content In twenty cases of chole- 
cystitis of varying giades of severity — seveial acute cases but none 
showing evidence of biliary obstruction— only one gave a reading over 
3 mg (4 mg) Piactically all leadings taken individually would be 
concluded to be normal, and determinations of bilirubin in this condition 
would appeal to have little diagnostic value, paiticulaily in the chronic 



200 


ARCHIVES OF INTERNAL MEDICINE 


stage It IS inteiestmg to note, howe\ei, that if the average reading 
for the group is taken, 1 85 mg , it is approximately 50 per cent highei 
than that shown by the group of normal peisons That this ma} be 
of significance in indicating a slight degree of hepatitis is possible 

Two patients with catarrhal jaundice weie seen in this series, giving 
readings varying from 30 mg to 15 5 mg In one case the patient 
gave a direct reaction at the height of the condition , all other reactions 
were biphasic 

In cases of common duct stone and occlusion of the common duct bv 
tumors, the bihiubm tests gave vaiying values, the highest being 142 mg 
in a case of carcinoma of the pancreas The principal value of the 
deteimination is in following the degiee of the obstiuction 


Table 2 — Results of Tests fot Blood Btlvttbin in Conditions Involving Blood* 


Case 


Diagnosis 

Jig per 1,000 Cc 

Hcaction 

1 

Pernicious 

anemia 

10 6 

Indirect 

2 

Pernicious 

anemia 

10 5 

Indirect 

3 

Pernicious 

anemia 

18 5 

Indirect 

i 

Pernicious 

anemia 

10 5 

Indirect 

5 

Pernicious 

anemia 

15 

Indirect 

G 

Pernicious 

anemia 

14 

Indirect 

7 

Pernicious 

anemia 

14 

Indirect 

S 

Pernicious 

anemia 

H 

Indirect 

9 

Pernicious 

anemia 

0 

Indirect 

10 

Pernicious 

nncmia 

S 

Indirect 

11 

Pernicious 

anemia 

7 

Indirect 

12 

Pernicious 

anemia 

5 

Indirect 

13 

Pernicious 

anemia 

4 5 

Indirect 

14 

Secondary 

anemia 

35 

Indirect 

16 

Secondary 

anemia 

25 

Indirect 

16 

Secondary 

anemia 

O 

Indirect 

17 

Secondary 

anemia 

1 

Indirect 

18 

Secondare 

anemia 

1 

Indirect 

19 

Sprue Mith 

anemia 

3 

Indirect 

20 

Hemolytic 

jaundice 

36 

Indirect 

21 

Splenic anemia 

5 

Indirect 

22 

Splenic anemia 

7 

Indirect 

23 

Hemolytic 

anemia, pregnancy 

14 5 

Indirect 

24 

Purpura hemorrhagica 

2 

Indirect 

25 

Paroxysmal hemoglobinuria 

2 

Indirect 


* These represent ina\imum values obtained in each case 


In table 2 are given the maximum values obtained in the individual 
cases seen in the wards over a period of some months Man) of these 
cases gave considerably lower readings on various occasions, indicating 
the value of repeated determinations It has been pointed out by many 
observers® that the blood in pernicious anemia has an increased bili- 
rubin content, although not to the extent shown in the foiegoing senes 
This increase can often be suimised from the appeal ance of the seium 
alone, deceptive as this frequently is It will be noted that as a rule the 
variation in values between piimary and secondary cases of anemias is 
distinctly marked The borderline case with values of from 3 to 5 mg 
per hundred cubic centimeteis presents the greatest difficulty A case 
of primary anemia undergoing a remission will give values as low oi 


9 Fishberg, AM Am J Med Sc 172 81 (July) 1926 
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lowei than this Heie lepeated estimations ovei a period of time aie 
necessai), and too much reliance must not be placed on the bihiubin 
Aalue as a means of diagnosis Any leading over 3 mg howevei, 
should render one suspicious of a hemolytic factoi 

Determinations at legulai inteivals eilso constitute a Aaluable means 
of detei mining the piogiess of a case, effect of tieatment and other 
factoi s The occurience of a remission will be indicated by a deciease 
in bilii ubm some dai s bef oi e aiiA definite change will occur in the blood 
count other than an increase m the reticulated cells The course of a 
t\ pical case (case 4) is shown in table 3 

Case 23 in table 2 represents an interesting case of anemia in preg- 
nancy On admission, at the stage of seven months, the patient showed 


Table 3 — Vat taljotts i« Bilttubtn tn Case 4 



Hemo- 

Red Blood 

Mp per 


Date 

globm 

Cells 

1,000 Cc 

Remarks 

11/30/20 

SO 

1,110,000 

15 6 


12/ 3/20 

2j 

1,120,000 

10 5 Feeding 

with spleen commenced 

12/ S/2G 

23 

1,100,000 

15 5 

12/14/26 

23 


15 


12/17/20 



Regulnr 

high Iner diet instituted 

12/21/20 

23 

950,000 

14 5 

12/23/26 

SO 

1,310,000 

10 5 


12/2S/20 

1/ 4/27 

3. 

1,840,000 

75 


40 

1,990,000 

3 5 


1/10/27 

IS 

2,490,000 

25 


T \I!LI 

4 — Rt suits of Test^ foi 

Blood Bilitubtn vi 

Lead Poisoning 

C ise Mp per 1,000 Co 


Remarks 


1 

1 5 

iVIild symptoms, tnce of lend in urine 

O 

o 

AIdd symptoms 

history of exposure, 

no lead in urine 

3 

4 5 

Moderate sMiiptoms, lend in urine 


4 

5 

Moderate symptoms lead m urine 



a se\ere anemia, piimai} m tipe, and requiied seieral transfusions 
before teim The bihiubin value, which had persistently been about 
fiom 12 to 14 mg per thousand cubic centimeters, fell to 7 mg within 
four days of delnei} and thence to normal 

Case 25 was one of paroxysmal hemoglobinuria in Avhich an effort 
w'as made to demonstrate an effect on the blood bilirubin of exposure 
to cold b} testing blood before and one hour after immersion in cold 
w'ater No perceptible change was noted, neither, how^ever, w^as 
hemoglobmui la produced 

The occurrence of jaundice of A’-aiious grades in lead poisoning has 
long been a subject of speculation In 1839, Tanquerel repoited fifty- 
one cases of clinical jaundice m 1 217 cases of lead colic This jaundice 
has been lanously ascribed to direct hemolytic action of lead on the 
red cells and also to lesions in the bone marrow^ Heubel, in 1871, 
obtained evidence of hemolysis in these cases by finding increased pig- 
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ment in the seium, bile and mine The diiecl action on the red cells 
has been more recently demonstiated by Aiib, Fairhall and otheis^® 
It IS most probable that this is the cause of the constant mild secondary 
anemia in lead poisoning The small series in table 4 would appeal 
to indicate the possibility of determinations of bilirubin being of some 
value in the diagnosis of this condition Further studies in this con- 
nection on a larger series would be of interest 

SUMMARY 

A study was made of the blood biliiubm values in the normal peison 
and in a series of cases lepiesenting various conditions in which abnoi- 
mality m this regaid might be expected The technic used was that 
of Thannhauser and Andersen, with some slight modifications vhich I 
believe offer greater convenience and accuracy 

The noimal lange was from 0 5 to 3 5 mg per thousand cubic 
centimeters of blood The effect of lace and sex Avas not appaient, and 
that of pigmentation was slight Fasting specimens gave slightly lower 
1 esults 

I believe the determination to be of considerable Aalue in patients 
receiving aisenical piepaiations as giving the earliest possible indication 
of damage to the hvei In cases of disease of the liA'er, important 
information is often given, but the type of leaction must not be entire!} 
relied on as a means of diagnosis Chaiactenstically, there is no 
discernible effect in cases of cholecystitis and cholelithiasis Avithout 
obstruction, tAvent} cases giving results AAdnch Avere Avithin normal range, 
with one exception The bilirubin is a valuble adjunct to the diagnosis 
and prognosis in diseases of the blood and blood-forming organs 

That the estimation may be of value in other conditions I beliCAe 
possible, and in this class I would include lead poisoning, AAdiere the 
results warrant fuither investigation 


10 Aub, Fairhall, Minot, Reznikoff Medical Monographs no 7 



PERNICIOUS ANEMIA AND TROPICAL SPRUE 
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Because of some recent papers suggesting, and in some cases even 
stating, that tiopical sprue and pernicious anemia are the same disease, 
it has seemed woitli while to give some of our observations on cases 
of sprue, especially compaimg those that are typical of the latter condi- 
tion The identity of these two diseases has been particularly insisted 
on by Wood,^ who has accepted Ashford’s theory that Momha causes 
sprue, and who has been able to take cultures of this yeast in all of his 
recent cases of pernicious anemia He quite rightly says that for those 
who believe Momha psilosis is the cause of sprue, the finding of this 
oiganism in peimcious anemia is one more point tending to prove the 
identity of these two diseases We have recently published our results ^ 
with mouth and stool cultures in eleven cases of sprue and seventeen 
cases of pernicious anemia Recently also Reed and Wyckoff® have 
wiitten on the similar changes found in spiue, pernicious anemia and 
combined degeneration of the spinal cord They have not been able 
to glow Momha in their cases of sprue, they have found the blood 
picture of pernicious anemia and evidences of degenerative changes in 
the spinal cord In a paper on the achlorhydria family tree of diseases, 
Christian gives the similar observations in sprue and pernicious 
anemia, he suggests that these diseases may be the same and also that 
sprue may develop into pernicious anemia B ram well ® has listed the 
similarities m the physical observations and blood picture, but admits 
that there is not the emaciation in pernicious anemia that there is in 
sprue Priston ® has written on the similarity of the appearance of the 
tongue in the two conditions V an der Scheer stated that the presence 
of hydrochloric acid in spiue would differentiate the two diseases 

1 Wood, E J Pernicious '\neiTna in Its Relationship to Sprue, Am J 
Med Sc 159 28, 1925 

2 Baumgartner, E A , and Smith, Glenn, D Momha Psilosis as a Cause 
of Tropical Sprue, Am J Trop Med 6 433 (Nov) 1926 

3 Reed, Alfred C, and Wyckoff, H A The Common Picture of Sprue, 
Pernicious Anemia, and Combined Degeneration, Am J Trop Med 6 221, 1926 

4 Christian, PI A The Achlorhydria Family Tree of Diseases, Northwest 
Med 24 531, 1925 

5 Bramwell, Sir B Sprue and Pernicious Anemia, Bnt M J 1 365, 1924 

6 Priston, J L The Tongue in Addison’s Anemia, Bnt M J 1 216, 1924 

7 Van der Scheer, A Sprue and Pernicious Anemia, Nederl Tijdschr v 

Geneesk 2 1468, 1924, abstr , J A M A 83 1548 (Nov 8) 1924 
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Hampson and Shackle,® undei a title of megaloc>tic and nonniegaloc} tic 
anemias, have found that in these two diseases, as well as in bothrio- 
cephalus anemia, the led cells aie much larger than in many othei 
diseases Elders® also has written concerning the similarity of the 
anemia m the two conditions 

DIAGNOSIS 

Although pernicious anemia has been studied and wiitten about a 
gieat deal, theie is piobably some difference in opinion as to what is 
lequisite foi a diagnosis Hurst has recently taken up this subject, 
especially the emphasis to be placed on the jDiesence oi absence of 
hydiochloric acid in the gastric contents in this disease Fiom a senes 
of cases of peinicious anemia fiom the htei attire and from his own 
experience he finds that m 98 3 pei cent of the cases there is achylia, 
although he concludes that the diagnosis of pernicious anemia is not 
justified when hydrochloric acid is piesent Levine, as uell as seveial 
other wiiteis, has found hydiochloric acid in several of his cases of 
pernicious anemia If such cases can be accepted as pernicious anemia, 
then at least one if not two of the cases recently discussed as at\pical 
anemia by Munford should be diagnosed as peinicious anemia So 
far oui clinic has not been leady to accept that diagnosis m cases in 
which hydiochloiic acid was found 

The question of anemia, of couise, arises more often than any other 
and although the blood picture of peinicious anemia is well known, it 
may be well to list again the points that are generally accepted There 
is a low led cell count, often below 3,000,000, and a relatively high 
hemoglobin content, giving a coloi index over 1 Poikilocytosis, a 
marked variation m the size of led cells and especially the occurrence 
of laige red cells, polychromatophiha, stippling and megaloblasts or 
large nucleated red cells are found on examining the blood smear, a 
low white cell count, a high lymphocyte percentage and a low platelet 
count complete the usual picture Recently again an article has appeared 
by Faber and Gram suggesting that they do not consider a high 
color index so essential to a diagnosis of pernicious anemia as do 
some othei s 

Another difficulty in compaiing the two diseases is that the cause 
of pernicious anemia is not yet known, and many have not accepted 

8 Hampson, A C , and Shackle, J W Megalocjdic and Nonmegaloc 3 'tic 
Anemia, Guv's Hosp Rep 74 193, 1924 

9 Elders, C Tropical Sprue and Pernicious Anemia, Etiologj" and Treat- 
ment, Lancet 1 7S (Jan 10) 1925 

10 Hurst, Arthur F The Pathogenesis of Subacute Combined Degenera- 
tion of the Spinal Cord with Special Reference to Its Connection wuth Addison’s 
(Pernicious) Anemia, Achlorhydria and Intestinal Infection, Brain 48 218, 1925 

11 Munford, S A Atypical Anemias, Clifton M Bull 11 139, 1925 

12 Faber, K , and Gram, H C Relations Between Gastric Achjdia and 
Simple and Pernicious Anemia, Gu 5 -’s Hosp Rep 74 193, 1924 
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Ashfoids A'lews that Momha psilosis is the cause of sprue Smith 
has leceiitl) given some expeiimental pi oof of the lattei viev Wood’s ^ 
finding oi Mouiha in his cases of pernicious anemia has been noted 
In oui fiist lepoit of bacteriologic obseirations on eleven cases of sprue 
and serenteen cases of pernicious anemia we showed that this oiganism 
■was often piesent It was also found in five of eighteen othei cases 
with diarrhea 

The patholog)’- of pernicious anemia is bettei knorvn than is the 
cause It has long been known that irregulai small ulceiations occui 
111 the mouth m spiue These appeal to be acute ulceis, fiom ivhich 
some expeiimenteis have gioivn Momha Ulcerations in the lowei pait 
of the digestne tiact have been desciibed, but less is knoivn about them 
The thinning of the ivall of the digestive tube has been mentioned 
again and again, but ive have found few autops)^ leports to confiim this 

As \\’ood has stated the distinguishing chaiacteiistics of spiue and 
peimcioiis anemia aie not alwa 3 s well niaiked Oidinaiily m cases of 
peinicious anemia there is a fanh typical histoiy of loss of appetite 
sore tongue, no special loss of w'eight and ceitam neuiologic symptoms 
Clinically, a smooth oi inflamed tongue, a lemon-tinted skin m a faiily 
w^ell nourished patient and vaiious neuiologic obseivations of combined 
degeneiation of the spinal cord are found The changes in the spinal 
cold ha^e been said to occui in about 80 pei cent of the cases (Waltman, 
1924) With achylia and a moie oi less chaiacteristic blood picture 
the diagnosis of peinicious anemia is justified 

In a pionounced case of spiue the patient wall usually have diaiihea 
oi the hisloiy of diairhea wath laige fioth) stools, ulceis oi the histoiy 
of ulceis of the mucous membiane ot the mouth, maiked loss of 
weight, and w^eakness and neuiologic symptoms like those in pernicious 
anemia and sometimes like those in letan), wdiich is said to occui later 
in about one fourth of the cases These patients aie emaciated, have 
ulcers of the mouth, a distended abdomen and, occasionally CMdence 
of tetany There may be an addisonian-hke anemia and achylia 

DISCUSSION or C \SES 

We have theiefoie again studied the lecoids of oui cases ot spiue 
with the idea of compaimg them with the obseivations in cases of 
peinicious anemia, more paiticulaily those made in a recent senes of 
fifteen cases the lecords of wdiich aie moie complete than those of the 
eailier cases Some of these patients have been obseived ovei a peiiod 
of seveial months, some of them for tw^o 3 eais The^iecords have 
been studied closely foi the blood pictuies and lesults of gastiic exami- 
nations, as w’’e possibly lely moie on these tw'o tests than on anv othei 
foi laboratoiy aid in the diagnosing of peinicious anemia 

13 Sniitli I W jMoniln Psilosis Ashford in Severe Vnemia Associated with 
Sprue SMidiomc Philippine J Sc 24 14/, 1924 
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The changes found in the blood in pernicious anemia have been 
stated in the foiegoing Nine of the fifteen cases of spiue (table) had 
a coloi index over 1, but five of these showed an index less than 1 before 
the patients left oui hospital The highest color index was 1 4, and 
this patient showed a color index of 0 7 when discharged Four of 
the patients had a count below 2,000,000 led cells and nine below 
3,000,000 In the table, in the column foi eiythiocytes (column 2), 
m which tw^o figures are given, they represent the lowest and highest 
figures obtained foi that patient As a rule, the low'est figure is the 
one found on entry, wdiile the highest is the one obtained before the 
patient left In the column for coloi index tw’o figuies for each case 
aie shown only in patients in wdiom there w'as eithei a change in the 
coloi index or a marked change m the red cell count The second 
figure of the twm lepiesents that obtained at the latest count During 
observation heie, seven of the patients had nucleated red cells, but 
megaloblasts were found only in the patient that died Changes in the 
red cells were found m eleven cases and were marked in four (indicated 
by + -}- in the table) Amsocytosis appears to be less marked but 
actual measurement of the cells in two cases (cases 4 and 6) showed 
the cuive (Hampson and Shackle) of the cell diameters to be to the 
light of that found foi normal cells Eight of the cases show^ed a low' 
number of leukocytes at some time, but m only four cases was the 
numbei of leukocytes low in the majority of the counts, while in three 
of these four cases and in five others there w'ere over 40 per cent of 
lymphocytes m a majority of the counts In nine cases the platelets w'ere 
counted, in six, they weie less than 100,000, w'hich is definitel} low'er 
than normal 

Thiee of the fifteen patients w'lth spiue did not show' fiee hydro- 
chloric acid in gastiic fi actional tests (cases 3, 8 and 9) On a fourth 
patient we did not make a test, but fiee acid w'as not present m the 
contents of the stomach at postmoitem examination (case 1) Foui 
months pieviously, an Ewald test at anothei clinic had show'ed a fiee 
acidity of 19 and a total acidity of 28 per cent in this case In a fifth 
case (case 6) the patient refused any gastiic examination, so our only 
method of testing foi acidity w'as by means of the alkaline tide, which 
was negative Hubbai d has shown that this test confirms either the 
presence or the absence of acidity in about 80 per cent of his cases, and 
we, therefore, accept this patient as being achylic In this series of 
cases of sprue, then, there aie five (33 per cent) w'lth achylia which could 
be diagnosed pernicious anemia as fai as this observation is concerned 

Other laboratory tests which may indicate pernicious anemia are 
tests for bile pigments, uiobilin and urobilinogen of the urine or feces 

14 Hubbard, R S , and Munfo-d S A Alkaline Tide in Achlorhydria, Arch 
Int Med 35 S76 (May) 1925 
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Such tests were not pei formed on the feces, but in eight cases twenty- 
four hour specimens of urine weie examined Only three of these 
showed a definite increase m these compounds 

A lecently described laboiatory observation m some cases of sprue 
IS a low blood calcium This, as several investigatois have shown, is 
often associated with a clinically demonstiable tetany In four of the 
cases of sprue the calcium content was 7 3 mg per hundred cubic centi- 
meteis of blood or less, which is well below normal, in four otheis the 
blood calcium was from S3 to 86, which most investigators will agree 
IS below the accepted normal The blood fat was low in three cases 
tested and the blood cholesterol in two 

In the fifteen cases of spiue studied there has been a history of 
ulcers of the mouth Besides this, two patients have complained fre- 
quently of a dry mouth This caused a great deal of discomfort to one 
patient, and there was a history of ulcers early in the course of the 
disease which was all but forgotten Six of the patients had ulcers 
111 the mouth or on the lip during observation here, but three com- 
plained of a burning tongue when nothing unusual could be seen In 
nine cases the tongue was definitely normal, while in cases 1, 4, 8 and 9, 
it somewhat resembled the tongue m pernicious anemia The table 
also shows that there was loss of weight in all cases, and in seven this 
amounted to between one half and one fourth of the average weight 
Definite reactions showing tetany have been observed in only three 
cases One of these (case 4) patients showed the tetany spasm on 
entry, in this case and in two others (cases 6 and 8) there were positive 
Trousseau and Chvostek signs Of four patients tested with the electric 
battel y, only one (case 4) gave the positive leactions of tetany, although 
one other gave suggestive reactions 

The reports on stool and mouth cultures in eleven of the cases of 
sprue and other conditions have been published elsewhere In the last 
column in the table it can be seen that stool cultures were positive in all 
cases of sprue except in case 14 In case 6 the first culture produced 
atypical Momha which did not pioduce gas in maltose Several cul- 
tures were made from the stools of case 13 before Momha was obtained 
Theie have been listed also fifteen cases of pernicious anemia in 
which the various obseivations were compared with those in sprue 
In only eight of our cases of pernicious anemia have tests been per- 
formed to determine the blood calcium In one case the blood calcium 
was 8 6 mg pei hundred cubic centimeters of blood, which was the 
only case in which this constituent was below normal The remainder 
ranged in the normal limits fiom 9 to 11 mg per hundred cubic centi- 
meters of blood Stool cultuie showed that in five cases Momha was 
grown, one of which was atypical in its reactions on the sugars In one 
case Momha was giown from the gastric contents obtained for frac- 
tional analysis 
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COMMENT 

Seveial articles have appealed within the last few yeais in which 
vaiious authors have tiied to show that pernicious anemia and sprue 
aie one and the same disease Wood, in this countiy, has probably been 
the most insistent on this question In sixteen cases of pernicious 
anemia he has been able to glow Monilia psilosis on cultuies taken from 
eithei the mouth or the stools We have taken cultures from the 
tongue 01 the mouth in seven cases of pernicious anemia, and so far 
have been successful m growing this organism m one (case 15) In 
our cases of sprue we took cultures from the sore tongue (case 1) or 
from definite ulcers (five cases) , here also we failed, except in the 
first case, in which cultures were taken twice and weie positive both 
times Cultuies from the stool m the cases of spine were positive at 
the first attempt in thirteen of our cases, although one (case 6) did 
not yield an organism giving the accepted t}pical sugai reactions at 
the fiist culture In one case (case 14) in wdnch the patient had not 
had definite symptoms foi eight yeais, only one culture was made, and 
typical Momha pstlosis w'as not found In eight attempts m another 
case (case 12), Momha w'as obtained only twice, one of wdiich was 
atypical m maltose In case 13 five cultures have been negative and only 
once w'as typical Momha obtained Our attempts at growing Momha 
from the cases of pernicious anemia have been less successful, although 
this was not undei taken until w^e had had considerable experience As 
IS showm in another article, an organism giving the t}pical cultural 
reactions of Momha psilosis was found m cultures from the feces in 
only thiee of seA^enteen cases, wdnle in one, this organism ivas growm 
from the gastric contents In the table w^e have added one more case 
(case 15) m which a positive culture w^as obtained 

If one w^ould accept Momha as the causative agent of sprue and, 
following Wood, also of pernicious anemia, then our results would at 
least indicate that the oigaiiism in the latter condition is less easily 
grown Our technic and the mediums used for the tw^o conditions 
w'ei e the same 

Many have called attention to the similaiity of the anemia in the 
two diseases Our figures show that as far as the color index is con- 
cerned, and this is the most frequently stiessed point in the blood picture, 
it was over 1 m nine of our cases of sprue, but in fii'^e of these it 
became 1 — during the patient’s sta)'^ in the hospital So far, only one 
of our cases of pernicious anemia has shown this (case 11) Van der 
Scheer ■ also found a high color index Eldeis has gn^en figures of blood 
counts in cases of sprue calling attention to a 1+ index However, 
his quoted figuies of erythrocytes and hemoglobin do not bear out his 
figures of color index, according to our method of calculating Wood 
apparently has often found similar blood pictures in the two diseases 
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In only one of our cases of spiue have we found megaloblasts If 
one would lay stress on the blood picture, megaloblasts and large red 
cells are the most characteristic of pernicious anemia The various 
changes m the led cells enumerated m the foregoing have certainly not 
been as marked m our cases of sprue as we v ould demand for criteria in 
diagnosing pernicious anemia Various British investigators, especially 
Hampson and Shackle, have, following Jones’^® description, measured 
the red cells m larious diseases, and have plotted cun’^es of the number 
and the diameter of these cells They found that m sprue, pernicious 
anemia and bothriocephalus anemia the cun^es show that the red blood 
cells are larger than those in normal cases and m many other diseases 
The led cells weie measured in two cases of our series (cases 4 and 6) 
Both show ed man}' large cells, the largest measuring w’^ell over 8 microns, 
thus confiiming the resemblance between the red cells of sprue and those 
of pernicious anemia Bastedo and Famulener found a high color 
index in tw o of their cases of sprue in wdiich tlie patients died In his 
cases of sprue Smith has described the typical blood count of pernicious 
anemia, but he has failed to find the cell changes characteristic of per- 
nicious anemia He mentions the lack of study of the bone marrow m 
sprue In the case described by Baumgartner and Thomas^" (case 1), 
the bone mariow was certainl}’ not rt'pical of pernicious anemia, although 
the blood count and the postmortem ach} lia might suggest that diagnosis 

That there may be a profound anemia in sprue, no one doubts 
Several of our patients have been se\erely anemic That this helps to 
confuse the picture, we also admit Wood’s statement is also true, that 
the blood picture may be misleading, so that one disease may be mis- 
taken for the other Depending too largely on the presence of anemia 
and ach} ha, we, too, have wnongly diagnosed at least one case as 
pernicious anemia , one must not depend too much on the blood picture 
in diagnosing this condition We believe that the anemia m sprue is 
as Smith found, aplastic A high color index is not unusual m our 
series, but m most cases this became 1 — as the patient improved, a 
change also described by Elders Recently Gram and Faber have 
found this occasionally m pernicious anemia, but in our experience it 
IS infrequent m the latter group 

If we accept acliyha as a necessar}'- obsen'ation m the diagnosis of 
pernicious anemia, then only five of our cases of sprue could be con- 
sidered pernicious anemia (table) These five achylic cases had blood 
pictures that might readily be mistaken for the picture in permaous 

15 Pnce-Jones C Anisocjtosis Special Reference to Pernicious Anemia, 
Guv’s Hosp Rep 74 10, 1924 

16 Bastedo, W A, and Famulener, L W Tropical Sprue, JAVA 
81 2102 (Dec 22) 1923 

17 Baumgartner. E and Thomas, W S A Case of Tropical Sprue with 
Autopsy, Clifton M Bull 11 90, 1925 
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anemia As a mattei of fact, in three of oin othei cases of sprue theie 
was almost as seveie an anemia, but in these the presence of fiee hydio- 
chloiic acid would rule out peiniciotis anemia Priston ® stated that 
hyperacidity or noimal acidity is found in sprue, unfortunately, this 
IS not always tiue, at least it has not been true m oui cases unless we 
have wrongly diagnosed the five ach>hc cases Bastedo and Famulener 
found that m most of then cases of sprue acidity was normal, although 
two patients that died weie achloihydiic 

Achylia is almost always found in pernicious anemia Fabei and 
Gram believe that theie was free hydiochlonc acid m the stomach in 
five of their fifty-two patients with peinicious anemia Levine reported 
three such cases As stated, Huist found that in 98 3 pei cent of the 
cases of peimcious anemia which he collected fiom the hteratuie the 
patients had achylia 

If the entire blood pictuie and the achylia are consideied, it must 
be admitted that five of oui cases might be called pernicious anemia We 
admit with Wood that any one without experience with spine could 
leadily fall into this eiror, even with some experience, we have done 
so m this clinic Such an eiioi occuis w'hen only these two obsen^a- 
tions are used m diagnosing these conditions 

Although eight of our cases of spate have had a low blood calcium, 
only foui of these have been decidedly low^, winle m four it w’as no 
lower than m one of oui cases of peimcious anemia As we did not 
know of any published figures gning the blood calcium in cases of 
pernicious anemia, we studied a few cases, and w^e found that this 
varied from 9 to 11 9, except in one case wuth a blood calcium of 8 7 
which a week later was 10 4 Three of the five cases of sprue men- 
tioned m the foregoing as possible cases of pernicious anemia had a 
low blood calcium, which, according to oui figures, would be against 
the diagnosis of pernicious anemia 

The loss of weight in sprue is often great In half of our cases 
the loss was from one fourth to one half of the patients’ average 
w^eight The greatest loss noted was m three of the five cases that 
from the achylia and blood pictuies could be called peimcious anemia 
We believe with Bramw^ell that usually theie is not the marked emacia- 
tion m patients with pernicious anemia that one finds m patients with 
sprue, and the results in our table ceitainl}'^ do not show that there was 
a marked loss Probably all will agree that there is usuall)'’ little loss 
of weight in patients with pernicious anemia, and j^et this cannot be 
taken as an infallible obseivation, as we have recently found A 
markedly emaciated patient enteied the clinic with a diagnosis of sprue 
A blood count and achlorhydiia indicating peimcious anemia weie found 
No neurologic symptoms and no changes in the spinal cord w^ere found 
on physical examination, noi were there any signs of tetany What 
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was the diagnosis to be^ The patient came from a region in which 
spine IS found, which fuithei complicated the picture The severe loss 
111 weight we believed to be more chaiacteristic of sprue There was 
not the typical smooth tongue of pernicious anemia The blood calcium 
w'as normal Some blood serum was then tested by Macht, who has 
desciibed a method demonsti ating a toxic substance in the blood serum 
111 cases of pernicious anemia This test showed a marked toxic 
substance in this patient 

Neuiologic examinations have been made in almost all of oui cases 
of spiue Eight patients had the symptoms of numbness and tingling 
complained of in pernicious anemia In one case (case 1) definite 
phisical obseivations of degeneiation of the posteiior column was said 
to hai e been found at another clinic In none of these cases have we 
found any definite changes indicating degeneiation of the posteiior 
column, and m the one case that came to autopsy (case 1) no changes 
m the spinal coid were found wuth the special stains used But othei 
neive observations aie sometimes piesent in sprue Tetany was first 
described m this country in one of Bovaird’s cases by Barach and 
j\Iunay-° We found evidences of tetany in three of oui cases So 
fai as w^e know^ this has not been described and is not present m 
peinicious anemia, )'-et tw^o of these cases of tetany are among the 
five that may possibly be pernicious anemia, and in these two and m 
one othei of the five there was a low blood calcium 

Mental depression is usually pionounced m sprue, and this has been 
rather infrequent in our patients with pernicious anemia One of our 
cases of spiue (1913) w^as diagnosed neurasthenia for some months 
before the tiue condition was suspected The numbness and tingling in 
the two diseases ai e almost similar, so that one wonders why degeneration 
of the posteiior column, which occuis in peinicious anemia, is not found 
m spiue Possibly wdien more neciopsy material is available, such 
changes wull be found Parathyioid changes as evidenced by tetany 
w^ere not found in case 1, although the patient had a blood calcium of 
5 6 mg wdiich at postmoi tern examination was found to be 5 3 per 
bundled cubic centimeteis of blood 

Clinically patients with sprue have a different history fiom that of 
patients with peinicious anemia The diarrhea in oui cases of sprue 
w^as much moie marked and constant than in our cases of pernicious 
anemia Loss of stiength and mental depiession are more severe than 
w^e have noted in peinicious anemia The type of diaiihea, loss of 

18 Macht, D I A Study of the Toxin of Pernicious Anemia, Proc Soc 

E' per Biol & Med 23 209, 192S t a -v a 

19 Bovaird, D ' A Study of Tropical Sprue or Psilosis, JAMA 77 753 

(Sept 3) 1921 _ ^ ^ ^ T A A 

20 fVlurray, A L , and Barach, A L Tetany in a Case of Sprue, JAMA 

74 786 (March 20) 1920 
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weight and stiength without a blood picture of pernicious anemia in one 
case made a differential diagnosis from pancreatic carcinoma difficult 
The dianhea in spiue often occurs in the eaily morning The large, 
gray, frothy stools are characteristic, but may occur in pancreatic dis- 
ease One patient, case 3, letuined in 1925 markedly undei weight and 
severely anemic, but with fairly normal stools and without diarrhea, 
in case 7 the stools weie not typical foi a long time 

Clinical obseivations in the two conditions must be taken into con- 
sideration with the laboratoiy tests As Wood has stated, the lattei 
IS too often stressed We believe the severe loss in weight is char- 
acteristic of sprue, and we did not find this in oui cases of peinicious 
anemia, except in the one refeiied to in the foregoing A constant 
diarrhea, and especially the eaily morning diarrhea, is not often seen 
in pernicious anemia The characteristic appearance of the tongue 
in cases of pernicious anemia has not been present in our cases of sprue 
The small hvei stressed by some as present in sprue was not especially 
notable in our series 

Differentiation of the two diseases is sometimes difficult The 
unknown etiology of one and the not generally accepted theor}’' of 
Montha ps^losis as a cause of the other gives little aid in distinguishing 
them Wood’s finding of Momha m pernicious anemia confuses the 
picture still more In our expeiience the almost constant finding of 
Momha in spiue and inconstantly (20 per cent) in pernicious anemia and 
other conditions (25 per cent) lends some support to Ashford’s views 
that Momha is the cause of sprue, and fails to confirm Wood’s conten- 
tion that these two diseases are caused by the same organism The 
piesence of a toxic substance in the blood in pernicious anemia patients, 
as Macht has recently shown, may help to distinguish the two conditions 
or prove them identical diseases, and may also help in differentiation 
from the other confusing disease, subacute combined degeneration 

SUMMARY 

We have discussed vaiious obseivations, both laboratory and clinical, 
in patients with sprue or pernicious anemia In fifteen cases of the 
former we found five with achloihydria and with an anemia similai to 
that of pernicious anemia — high color index — ^but possibly with less 
marked changes in the red cells, certainly fewer nucleated red cells 
Three of the cases have had clinical evidences of tetany and a low blood 
calcium, an observation not yet described in pernicious anemia None 
of the patients have had any evidence of degeneiation of the posterior 
column while under oui caie, although seveial have had the marked 
numbness and tingling so frequent in pernicious anemia, while in 
fourteen of the fifteen Momha has been grown from the stools, and this 
has occurred only fotii times in seventeen cases of pernicious anemia 
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In a seveiely emaciated patient who had had marked numhnebs and 
tingling similai to that in pernicious anemia, as well as a similai blood 
picture, the spinal cord did not show combined degeneration and the 
bone mallow was definitely aplastic, yet the liver and kidney showed 
the iron pigment characteristic of pernicious anemia 

We do not feel that in our series the two conditions should be 
diagnosed as the same disease We do not believe, as Christian suggests, 
that sprue is late pernicious anemia or the reverse, nor that even in late 
cases of sprue achylia necessarily develops 

In less than half of the cases of sprue in our series achlorhydria 
occuired This is present in the more severe cases in which the anemia 
IS more like that of Addison’s type Many of these patients lose a 
1 datively laige amount of weight, from one-fourth to one-half then 
a\eiage weight, some, probably all, experience severe numbness and 
tingling, and some have definite clinical tetany with a low blood calcium 
Some cases piobably cannot be correctly diagnosed, at least by methods 
now available 



HYPOGLYCEMIA AND THE TOXIC EFFECTS 

OF INSULIN >- 

GEORGE A HARROP, Tu, AF D 

}1AI riMORI 

E'vei since the appeal ance o£ the fiist publication desciibing the 
group of symptoms accompanying ovei dosage with insulin, these symp- 
toms have been geneially consideied to be associated with an abiiormall} 
low concentiation of the blood sugai A numbei of papeis have subse- 
quently appealed which lepoit instances of spontaneous hypoglycemia 
accompanied by s}mptoms similar to those of insulin poisoning These 
leports have served to stiengthen the assumption that the hypoglycemia 
and the symptoms of insulin poisoning stand to each other m the i elation 
of cause and effect liypogl} cemia associated with pallor, muscular 
twitching, moist skin, initabihty, collapse and stupoi has been obsen^ed 
by Levine, Gordon and Derick ^ m Marathon i unners following severe 
exertion Hai i is - has i epoi ted hypogl} cemia m two nondiabetic 
patients, associated with hunger, weakness and nervousness, \\hich came 
on an houi before meals The blood sugai value in these cases was 
from 60 to 70 mg per hundred cubic centimeters If food vas taken 
at intervals of not longer than from three to five hours, no such symp- 
toms were observed Hartman and Reiman (mentioned by Jonas “) 
desciibed a patient who expeiienced severe hungei three oi four hours 
after meals, associated with unconsciousness A subnormal blood sugar 
concentiation was found, and the symptoms were rehe\ed bv food 
Liu and Change have reported one of my cases, that of a man who 
experienced symptoms typical of mild ovei dosage with insulin duiing 
an attack of seveie diarrhea associated with hypoglycemia Holman® 
has reported similar phenomena following thyioid opeiations, although 
the clinical symptoms as desciibed and then association vith severe 
thyroid intoxication make the inteipretation lathei uncertain John® 

From the Medical Clinic of the Johns Hopkins Hospital and Universit} 

1 Levine, S A , Gordon, B , and Derick, C L Some Changes in the 
Chemical Constituents of the Blood Following a Marathon Race, J A A 
82 1778 (May) 1924 

2 Harris, Seale Hyperinsuhnism and D 3 'sinsuhnism, J A A 83- 729 
(Sept 6) 1924 

3 Jonas, L Hypoglycemia, M Clin N Amer 8 949 (Nov ) 1924 

4 Liu, S H , and Chang, H C H 3 'poglycemia Report of a Case Unas- 
sociated with Insulin Administration, Arch Int Med 36 146 (July) 1925 

5 Holman, E F H3'poglycemia in Exophthalmic Goiter, Bull Johns 
Hopkins Hosp 34 69 (Feb ) 1923 

6 John, H J The Lack of Uniformit 3 '’ m the Insulin Reaction, Am J M 
Sc 172 96, 1926 
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states that in eight normal persons during tests for glucose tolerance 
values between 31 and 57 mg per hundied cubic centimeters were found, 
always associated with extreme hungei Josephs has reported toxic 
phenomena aftei fasting and during recurrent attacks of vomiting m 
children associated with low blood sugar values In general, children 
appear to show hypoglycemia on fasting moie frequently than do 
adults Stenstrom ® has recently repoited a case of spontaneous hypo- 
gl 3 ’^cemia in a lactatmg woman with tuberculosis and heart disease when 
fed on a diet of fat and vegetables Symptoms of weakness, trembling 
and profuse sweating were observed, with hunger and a drawing feeling 
in the upper part of the abdomen, which were relieved when a normal 
diet was again given The fasting blood sugar fell to 50, 40 and 50 mg 
per hundred cubic centimeters, i espectively, on the three days during 
which S}Tnptoms were obseived As stated, this case bears a striking 
analog} to the obsenations of Widmaik and Carlens® on the puerperal 
paral 3 *sis of cows, which appears to be a hypoglycemic coma com- 
pletel}' leheved b}'’ intravenous injection of dextrose 

An interesting association is with scleroderma, an example of which 
has been repoited from this clinic by Dr Longcope A low fasting 
blood sugai content has been obseived in other cases of scleroderma, 
together with Iwpotension, but neither is mvaiiably present 

The association of severe diabetes with extreme emaciation, inanition, 
diarrhea, hypogl 3 xemia and coma without administration of insulin has 
been observed m this clinic, and similar cases have been repoited from 
other clinics 

C \sn 1 — A man, aged 46, who had had diabetes for sik years, v ith extreme 
loss of veiglit and emaciation, and more recently diarrhea and edema of the 
feet and ankles, had a blood sugar concentration of 54 mg per hundred cubic 
centimeters on admission to the hospital There were no “Iwpoglycemic” symp- 
toms On unrestricted ward diet the blood sugar rose to 286 mg per hundred 
cubic centimeters, and sugar appeared m the urine The diet was modified, and 
the fasting blood sugar fell to from 54 to 87 mg per hundred cubic centimeters 
The basal metabolic rate was — ^20 His condition seemed satisfactory until one 
morning five weeks after admission, when without warning he suddenly lapsed 
into a semistupor, and ivithin half an hour was in deep coma, with slow respira- 
tions and somewhat increased pulse rate The blood pressure was low 90 mm 
systolic and 70 mm diastolic An examination of the blood sugar before death 
fi\e hours later showed only 17 mg per hundred cubic centimeters The intra- 
\enous administration of dextrose in this patient failed to elicit any response or 
the slightest improiement He was under the care of Dr N B Herman, who will 
report the details more fully later 

7 Josephs, H Fasting as a Cause of Convulsions, Am J Dis Child 
31 169 (Feb ) 1926 , Recurrent Vomiting, ibid 31 657 (May) 1926 

8 Stenstrom, T “Spontane” hypoglykamische Reaktion bei stillender Frau, 
Deutsches Arch f khn Med 153 181, 1926 

9 Widmark, E M P, and Carlens, O Ueber die Blutkoncentration bei 
Kuhen, Biochem Ztschr 156 454, 1925 

10 Longcope, W T To be published 
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It IS possible that a pait of the weakness and asthenia of Addison's 
disease, which, as is known, is usually associated with hypoglycemia and 
loweied blood pressure, may be due to a similai cause Repoits on 
studies of the effect of glucose in the treatment in this condition have 
not appeared An mteiestmg case leport of an insulm-hke reaction 
possibly pioduced by supiarenal insufficiency has recently been pub- 
lished by Stenstrom Doubtless other conditions with coincident 
hypoglycemia unassociated with the administration of insulin will be 
reported m the future One may conclude that a state of hypoglycemia 
may occur m a vaiiety of conditions, accompanied by some or all of the 
following phenomena Weakness, dizziness, pallor, sweating and hunger, 
mild disoiientation, occasionally syncope and stupoi and usually 
hypotension Such hypoglycemia cannot be distinguished from that 
following ovei dosage with insulin 

On the othei hand, hypoglycemia unassociated with any symptoms 
has been repoited lepeatedly Jansen fiom Muller’s clinic^- in Munich 
has shown the frequency with which hypoglycemia occui s in the edema of 
undernuti ition He found a blood sugai concentiation between 34 and 
70 mg per hundred cubic centimeters in twelve of twenty-four cases, 
no acute symptoms occuried in any of these The syndrome of edema, 
biadycardia, hypotension, polyuria, severe hungei and atrophy of the 
thyioid, lasting ovei a considerable peiiod, bears no clearcut resem- 
blance to leactions from insulin Hypoglycemia has been reported 
seveial times in undernutrition, especially in childien, but without 
s}mptoms Giay has reported the lesults of examinations for blood 
sugar in 461 normal peisons Sixty-four of these had a fasting blood 
sugar concentiation of less than 70 mg per hundied cubic centimeters, 
but they did not have any symptoms It must be admitted that hypo- 
glycemia of this grade has not often been seen m loutine examinations 
of the blood sugai of fasting patients in this clinic 

For the pioper adjustment of insulin dosage in cases of seveie 
diabetes during the past two yeais, my co-w'oikers and I have made 
blood sugar determinations on oui patients at three or four hour 
intervals for a twenty-four hour peiiod, in ordei to ascertain the proper 
balance between food distiibution and insulin Such determinations are 
readily made on capillary blood from the ear or finger eithei by the 
Hagadoin- Jansen method or by a microtechnic based on the Benedict- 
Fohn-Wu method We have been struck by the large number of low' 
blood sugar leadings, between 75 and 45 mg pei hundred cubic centi- 
meters, in patients with seveie diabetes, both in those wdio have taken 

11 Stenstrom, T Einige Bemerkungen uber spontanes h)'pogl}kamisches 
Coma, Deutsches Arch f khn Med 152 173, 1926 

12 Jansen, W H Die Odemkrankheit, Deutsches, Arch f khn kicd 
131 144, 1920 
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insulin foi a considerable peiiod and in those who had leceived it for 
only a short tune Most of these patients have not had any s^ mptoins 
of ovei dosage with insulin 

Case 2 A man, aged 27, who had had diabetes for two >ears, and wdio had 
taken insulin for twenty months, was admitted to the Johns Hopkins Hospital 
With marked acidosis following a severe infection of the throat He was finall 3 " 
rendered sugar-free on a rather restricted diet and the administration of IS units 
of insulin three times a day before meals An all day blood sugar curve was 
made, which show'ed a morning fasting blood sugar of 135 mg, a concentration of 
130 mg at 11 30 a m just before lunch, 55 mg at 5 p in and 110 mg at 
9pm Although there were no S 3 mptoms of a reaction in the late afternoon, 
it w as deemed best to reduce the noon dose of insulin to 10 units This w'as done, 
and tw’o daj's later at 4 30 p m , he had definite symptoms of an insulin reaction, 
wuth weakness, pallor and sweating The blood sugar concentration before the 
symptoms were relieved bj' orange juice was 60 mg per hundred cubic centi- 
meters It is impossible in such an instance as this to see any direct quantitative 
relation between the occurrence of the insulin reaction and the blood sugar 
concentration 

REACTIONS TO INSULIN IN PATIENTS WITH DIABETES MELLITUS 

The piesent leport is based on a study of patients with diabetes 
melhtus wdio have suffered insulin reactions while undei treatment in 
this hospital duiiiig the past foui years Nearly all of the patients 
whose cases have been recorded in the past two years have been under 
my personal observation It should be stated that most of the diabetic 
patients tieated have had cases of great sever it}, and have been admitted 
either for regulation of insulin dosage or because of difficulties in man- 
agement in the dispensai} oi because of other seiious complications For 
this reason laige doses of insulin have been required in many cases 
and a much laigei piopoition of serious reactions has been observed 
than piobably occui on the aveiage among the wdiole group of patients 
wJio use insulin 

Toxic reactions to insulin may be conveniently divided into twm 
gioups The first are the mild leactions, usually unassociated with 
conspicuous nervous or psychic manifestations The second group 
comprises the moie seveie reactions, in wdnch neivous or psychic symp- 
toms laigely or entiiely dominate the picture The frequent occurrence 
of this type of leactions has only recently received attention 

Mild Reactions — In the milder type of insulin reactions a group 
of symptoms occurs which is usually characterized by gradual 
development, and in wdnch the subjective sensations described b} 
the patients are often more pronounced than are the objective obser- 
3ations The symptoms in this gioup in the order of their frequenc} 
are as follows a sense of weakness usually generalized, less frequently 
lefened to the abdomen, ordinarily appears first and is nearly ahva^s 
associated with a feeling of trembling or of actual tremor of the 
extremities Combined with this may be a diminution of deep muscle 
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sense and sense of position, paiticulaily in the legs A sensation of 
coldness in the extremities, of numbness of the lips, hands or feet, of 
hunger, or less commonly of thiist are apt to appear Tinnitus and 
diplopia occui in ceitam patients, the latter often in children A^ctual 
sensations of acute pain have been absent, and the absence of actual 
piemonitory aura such as occui in epilepsy is also noteworthy The 
mam objective physical observations are pallor and geneiahzed sweating 
and occasionally a model ate rise m the systolic blood pressure, with a 
smaller diastolic increase In mild leactions usually no change occurs 
either in the rate of the heart beat or of the lespirations Speech may 
be somewhat slurred and the mental i espouse sluggish, but in most mild 
reactions there is really little change The pupils tend to be dilated 
It is usually assumed that if proper steps aie not taken to end the 
attack promptly, unconsciousness, collapse or convulsions, may occur 
This assumption has been given wide curiency, probably by analog)’- 
to the lesults of experiments on animals No deaths occurred in 
the present series as a direct lesult of overdosage with insulin All 
of the phenomena described aie not usually present m any one per- 
son Of inteiest, howevei, is the tendency of the s}inptoms and 
the sequence of their development in a given patient to be repeated 
m latei attacks Flushing of the cheeks is much less common than pallor, 
but we have repeatedly seen mild reactions, charactei ized by conspicuous 
flushing of the face and neck 

Sevete Reactions — Of iiioie seiious practical importance is the 
gioup of severe insulin reactions associated with nerv’ous oi psychic 
manifestations Cases of this kind aie less widely lecognized, although 
good desciiptions have lecently appeared in the literature (Leyton,^® 
Severinghaus,^^ Labbe At least two types aie recognizable The com- 
monest type of such reactions among oui cases is that associated with 
behavior more oi less closely simulating alcoholic intoxication Often 
theie IS a brief prehmmaiy period m which the patient may 
appear dazed and tremulous, or in which he ma) at first have a 
sense of weakness and dizziness Sweating is lather less common than 
in mildei attacks The patient may then become noisy, laughing or 
crying, there is incoordination of speech, the vision is obscured, and 
there is a charactei istic loss of the inhibitions The arms may be tossed 
about wildly, and there is a typical di unken, staggering gait, with 
resistance to attempts at restiaint Often delusions and ideas of perse- 
cution appear and the lesemblance to the excitement stage of acute 

13 Leyton, O Hypoglycaemia, Proc Roy Soc Med 19 37, 1926 

14 Sevennghaus, E L Hypoglycemic Coma Due to Insulin Oierdosage, 
Am J M Sc 172 573, 1926 

15 Labbe, M Les incidents des traitements prolonges per I’lnsuhne, Bull et 
mem Soc med hop de Pans 23 1123 (June 25) 1926 
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alcoholism may be close Obsessions and hallucinations may occui 
abrupt!} . oi indeed without piemonitoiy symptoms 

Case 3 A man, aged 26, who had been suffering from severe diabetes for 
tlie last eighteen months, was admitted to the hospital in diabetic coma, from 
which he was restored by the usual measures One evening a month later, when 
he Mas receiving 40 units of insulin a day, he suddenly became noisy and excited 
about an hour after supper His face became pale, he tossed about the bed, 
talking in a loud voice and in a confused, irrational manner He failed to 
recognize his wife and sister who were visiting him at the time The blood 
pressure was unchanged, the blood sugar concentration was 65 mg per hundred 
cubic centimeters The patient was quickly revived with orange juice, and later he 
had no recollection of the incident This tram of symptoms was repeated in an 
almost identical manner on twm other occasions 

A chaiactenstic featuie of these attacks is the complete amnesia 
Avhich the patient exhibits aftei lecoveiy His recollection is usually 
letamed up to the moment when symptoms appear, and then it is 
lost completely 

Case 4 — A man, aged 57, with diabetes of five years’ duration had been 
treated wuth insulin for the past eighteen months One night he ate a light 
supper, liaving previously taken 12 units of insulin Half an hour later he com- 
plained of cramplike pains m the legs and then vomited He felt tired, went to 
bed and promptly fell asleep At midnight he awoke and began talking loudly, 
tossing about in bed entirely disoriented, and resisting the attempts of his family 
to pacifv him His speech w'as thick and nearly unintelligible He accused the 
medical attendant w’ho w'as called to see him of wishing to do him bodily injury, 
and resisted all attempts at examination At this time he was taking 12 units of 
insulin twice a day He came out of this confusional state after he received 
orange juice and sugar, but he was not completely rational for an hour or more 
He had no recollection later of what had happened 

Loss of Consciousness — A more seiious type of disorder is that 
chaiacteiized by paitial oi complete loss of consciousness for longer or 
shoitei periods This often occurs without warning, or if any 
warning is given, it may be so brief that the patient does not have 
time to summon aid It may occur dining sleep, being recognized only 
m the morning when it is found that the patient cannot be aroused 
The attack may be one of semistupor in which patients remain 
for vai}mg periods, the longest which we have observed being sixty 
hours When in this condition, the patient may he totally unresponsive 
to any stimuli except pain Resistance is usually offered, however, to 
manipulations, such as attempts at venipuncture or the insertion of an 
infusion needle The patient is usually pale, and he often lies with the 
eyes half open, staring vacantly When the eyes will follow light, 
coarse nystagmoid movements may be elicited There is nothing char- 
acter istic of the behavior of the deep reflexes, which are usually 
unalleied The temper atuie is frequently subnoimal, the pulse and 
lespirations are slowed, and the blood piessuie is usually low^ Iiregu- 
laiities of lespiiation have been seen in two of our patients, in one of 
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whom peiiodic bieathing of the Cheyne-Stokes type was observed for 
a peiiod of thirty minutes While the patient is in coma, waxy flexi- 
bility of the extiemities may be obseived, and the whole picture much 
lesembles that of catatonic stupor When the reaction is prolonged, 
there may be periods of seniiconsciousness with subsequent relapse into 
the state of stupor The mental state duimg these periods of partial 
consciousness is somewhat difficult to define, but it is characteristic 
The patient is dull and appears dazed, but may at times recognize pei- 
sons and places These occasional glimpses of rationality may deceive 
the observei into believing the patient’s behavior a sham or into mini- 
mizing its seriousness 

From such seveie psychic reactions or even actual unconsciousness 
patients may recovei and become rational suddenly, or there may be a 
twilight interval lasting for several hours, which reminds one of the 
lecoveiy from ethei anesthesia or the sobering up after intoxication 
A headache of varying severity is generally complained of after the 
attack, often lasting for several hours, and the patient is frequently 
diowsy and sleepy for some time Mental depression following the 
attacks lecalls strongly that which occurs after epileptic seizures It is 
a common aftermath 

Case 5 — A woman, aged 24, a teacher, while attending a short course of instruc- 
tion in a normal school near Baltimore was brought unconscious to the hospital 
with a historj' of having fallen over in a faint in the classroom about two hours 
previously When seen she showed no evidence of trauma as a result of her fall 
The temperature was subnormal, 97 8 F by rectum The pupils were widelj 
dilated, the neck was slightly stiff, the breathing slow and stertorous, the skin 
moist and the face and forehead perspiring freelj The limbs were equall} 
flaccid, and the deep reflexes were absent or obtained wuth great difficult}' The 
heart and lungs were normal, and the blood pressure was 110 systolic and 60 
diastolic The urine was free from sugar, albumin and casts The girl’s previous 
medical history was not at once obtainable, as she had arrived in Baltimore two 
days previously Poisoning w'as considered a possibility, and gastric lavage w'as 
performed, as a result of which only a large amount of undigested food was 
recovered The complete and mystifying absence of any indication as to the 
cause of the continued unconsciousness after tivo hours’ obsen'ation made a 
lumbar puncture appear necessary, when the girl suddenly awoke, sat up and 
asked for water She then said that she had been under treatment for diabetes 
mellitus in a middle western city, had ceased visiting her ph} sician about three 
weeks before, but had continued to take insulin On the morning of admission, 
feeling hungry, she had taken a larger breakfast than usual and a double dose 
of insulin She had felt rather faint in the class-room and then had knoivn 
nothing more until she opened her eyes in the hospital When her history was 
thus related, a belated specimen of blood was taken for an estimation of sugar, 
and the blood sugar value was reported as 65 mg per hundred cubic centimeters 
For the rest of the day following her recovery she suffered from a severe 
occipital headache 

Case 6 — A woman, aged 20, who had been under treatment for diabetes of 
maximal severity in the clinic for upward of three years, and who took from 
40 to 60 units of insulin a day, was brought into the hospital comatose at 2 a m 
Neighbors in an adjoining house had been awakened by screams and cries, had 
forced their way into her room, and had found her lying on the floor A blood 
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sugHr estimation showed that there were SO mg per hundred cubic centimeters 
She w as at once given dextrose intravenously and by rectum, but notwithstanding 
the almost immediate return to a normal or even high blood sugar level, and the 
appearance of glycosuria, she did not recover consciousness She cried at’intervals 
during the following day, resisted violently all efforts at treatment or feeding, 
and was totally unresponsive to any questioning Most of the time she lay with 
ej es half closed, staring at the ceiling as if in a dazed condition Gastric lavage 
on admission was returned with a large amount of undigested food As she had 
pre\ loush been despondent over her condition, the possibility of poisoning was 
also considered, but analysis of the gastric contents revealed nothing abnormal, 
and the results of examination of the blood for carbon monoxide were negative 
On the second morning, about sixty hours after the beginning of the attack, she 
awoke, conscious and completely oriented, but with no recollection of the previous 
events On the night previous to admission she had taken her usual evening dose 
of insulin at 9 o’clock when she ate her supper, and had gone to bed About an 
hour later, she had awakened with a sense of oppression in the abdomen and a 
teehng of weakness and hunger Recognizing the symptoms, she had tried to get 
out of bed for food, but had collapsed on the floor She knew nothing more of 
vhat had occurred During the entire time from admission to the hospital until 
the reco^er^ of consciousness sixty hours later, sugar was constantly present in 
the urine, and the blood sugar ranged from 120 to ISO mg per hundred cubic 
centimeters 

C\SL 7 — A boj, aged 16, with diabetes of maximum severity, received four 
injections of insulin a day during a course of treatment in the hospital 20 units 
before breakfast, 15 units before lunch, 20 units at 5 o’clock and 15 units at 
10 p m This dosage and the distribution of the daily diet into four portions 
following each of the injections of insulin finally rendered the urine sugar-free, 
and estimations on the blood sugar before each of the meals were between 110 
and 160 mg per hundred cubic centimeters The patient felt well on this 
regimen, wdiich avas folloived without incident for a period of a week One night 
he complained of slight epigastric pain and had a loose bowel movement just 
before supper, but the insulin and supper were given as usual, as was the late 
e\ening dose and the late lunch following it Next morning at 6 o’clock the 
nurse on making her morning rounds was unable to awaken the patient On 
examination shortly after, he was found to have a subnormal temperature, and 
It was impossible to arouse him There were slight twitchings of the face, and 
about the mouth , the extremities were relaxed and the deep reflexes were slug- 
gish The breathing was slow and deep, about 14 respirations a minute The 
pulse rate was 56 The bladder was moderately distended A blood sugar 
determination made at once showed 85 mg per hundred cubic centimeters, and 
a catherterized specimen of urine was free from sugar or acid bodies As no 
other explanation seemed adequate to account for his condition, and notwithstand- 
ing the fact that the blood* sugar was little below the normal fasting level, an 
intravenous injection of dextrose was given, whereupon the patient became con- 
scious and normally oriented within ten or fifteen minutes He was totally 
unaw'are of wdiat had happened since receiving the injection of insulin and lunch 
about eight hours previously 

Wilder^® has lecently stated that an increase m blood pressure 
occurs during insulin reactions as a constant and hitherto unmentioned 
phenomenon In some of our cases a rise of from 20 to 30 mm in 
systolic piessure has occurred, with somewhat less increase in the 
diastolic pressure, so that the pulse pressure was increased When the 
reaction is severe, howevei, or when complete or partial lack of con- 

16 Wilder, Russell M Hyperthyroidism, Myxedema and Diabetes, Arch 
Tnt Med 38 736 (Dec ) 1926 
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sciousness supeivenes, we have not found the piessuie laised, and in the 
cases of actual coma it may be low This is of some importance in differ- 
ential diagnosis in -cases in which patients are brought in unconscious, and 
m which in the absence of a histoiy or of obvious marks of hypodermic 
injections, as has happened in thiee of our cases, the nature of the 
condition is doubtful In these cases dilated pupils were present and 
the eyegrounds did not piesent abnormalities The urine was free 
fiom albumin, and, as was to be expected, fiom sugar 

The diagnosis between a condition resulting from overdosage Avith 
insulin and diabetic coma does not usually present great difficulties 
even without laboratory aids In the one condition, slow, shallow and at 
times 11 regular bieathing occurs, in the othei, hyperpnea, while the urin- 
alysis quickly leveals the tiue state Nevertheless, the tendency in some 
cases of diabetic coma toward a diminution of the urinary concentration 
and excretion of sugar is well known, and although none of the patients 
that we have observed have been free from glycosuria, such a condition 
has been lepoited in the hteiature Patients in diabetic coma almost 
invariably show evidences of considerable or extreme dehydration, and 
such IS not usually the case in coma due to insulin The urine from 
our patients with severe insulin reactions has never shown the presence 
of acetone bodies On the other hand, cases of diabetic coma have 
been leported in which acidosis has been due, at least in large part, 
to acids othei than the acetone bodies A determination of the blood 
sugar concenti ation and plasma bicarbonate will usually leveal the true 
condition and the piesence oi absence of acidosis 

Sevnnghaus in repoiting lecently five cases with marked mental 
distuibance and unconsciousness lays stress on the production of these 
symptoms by lepeated overdosage with insulin Although severe reac- 
tions as a lule occur in patients with se\eie diabetes when large doses of 
insulin have been given over considerable periods of time, and while 
it would appear that, in general, emaciated persons are more prone 
to toxic leactions than aie the well nourished, these geneiahzations are 
subject to exceptions Insulin reactions of all types of severit}^ may 
occur at any age, and mental distuibances in our series have not appeared 
more f i equently in those who have previously had milder reactions 

It seems cleai that the state of hypoglycemia alone is not always the 
cause 01 even the most important factor in the pioduction of toxic 
symptoms Patients in whom unconsciousness occurs may not revive 
for hours after the blood sugar has been elevated to normal or even 
highei by the administration of carbohydiate On the other hand, 
recoi ery of complete consciousness may occur spontaneously even when 
the blood sugar is at a low level Reactions of all shades of severity 
occur at various levels of the blood sugar The series of cases recently 
repoited bv John® is of interest in this regaid Of twenty-four cases 
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studied, a blood sugai concenti ation of 80 mg per bundled cubic centi- 
meters 01 less occuiied at the time of the leaction m only thirteen, 
while 111 the lemammg eleven, it was above 80 mg per hundred cubic 
centimeteis, and m five of these patients it was actually over 200 mg 
per hundi ed cubic centimetei s when symptoms occui i ed We have never 
seen such extreme cases of hypeiglycemia m association with insulin 
leactions We have, howevei, seen characterstic toxic insulin effects in 
foui pel sons m whom the blood sugai taken at once and pievious to the 
admimsti ation of caibohydiate was between 150 and 110 mg per 
bundled cubic centimeteis The following case is typical of this gioup 

Case 8 — A diabetic patient, aged 58, who had never received insulin, and 
w Iiose fasting blood sugar was 340 mg per hundred cubic centimeters, was given 
an injection of 20 units of insulin during some metabolic studies In the course 
of twenty minutes he became uneasy, faint and hungry , he sweated profusely, 
became pale and his blood pressure fell from 160 mm systolic and 95 mm diastolic 
to 130 mm systolic and 80 mm diastolic A specimen of blood for the estimation 
of sugar was taken, and it was found to be 150 mg per hundred cubic mentimeters 
The urine was free from sugar and acetone bodies As the patient’s uneasiness 
grew much worse, the studies undertaken were discontinued, and the patient was 
gnen orange juice with cane sugar, which produced prompt abatement of all 
symptoms 

StjMMAR\ 

The cases which have been studied indicate plainly the fact that 
unconsciousness due to insulin ovei dosage may supervene with gieat 
rapidit}'-, often without warning m sleep, and with few or negligible 
piodiomes They also indicate that theie is not always a set progiession 
of symptoms such as is usually desciibed Not always do subjective 
s}mploms of uneasiness or weakness or hunger precede moie pro- 
nounced symptoms of palloi oi flushing oi sweating, in their turn 
pieceding convulsions and unconsciousness Geneiahzed convulsions 
aie exceptional in adults, although muscular twitchmgs, especially 
of the facial muscles and of the muscles of the extremities, aie 
common The clinical pictuie in two of oui cases strongly sug- 
gested seveie carbon monoxide poisoning, except that the coloimg was 
not typical The administration of caibohydrate to unconscious persons 
111 insulin leactions does not always have the immediate prompt effect 
that we have been led to anticipate It seems cleai that the degree 
of hypoglycemia does not accuiatelv deteimme the seventy of the 
recktion, nor does the admimsti ation of sugai always relieve it It is 
probable that the toxic effects may be due partly, or in ceitain eases 
entiiely, to some other action of insulin As Labbe has suggested, it is 
not possible to tiansfer diiectly to man the results of ovei dosage with 
insulin in animals The psychic manifestations which are so common in 
man do not usually occui in animals, and in man there is wide individual 
variation in the i espouse to ovei dosage 
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Within the last few yeais, a iiumbei of woikeis in the field of medi- 
cine have expiessed dissatisfaction with the methods commonly used in 
determining the amount of hemoglobin in the blood They have pointed 
out not only that the different types of hemoglobmometer use diffeient 
values of concentration of hemoglobin foi 100 per cent on the scale, hut 
also that the methods themselves aie for the most part not sufficiently 
accuiate foi use m diagnosis Of these two objectionable featuies, the 
latter is, of course, by far the moie serious The confusion and mis- 
understanding caused by dissimilai scale a allies can be aA oided simply by 
the adoption of a uniform method of repoiting hemoglobin, as recom- 
mended lecently by Lindsay, Rice and Sehnger , ^ but if the method itself 
IS not sufficiently accuiate, eirois m diagnosis aie unaAOidable 

ACCURACY or METHODS IN COMMON USE 

111 Older to obtain some idea conceimng the accurac} of the more 
commonly used methods foi estimating hemoglobin values, it is pertinent 
to the subject under discussion to examine certain data Avhich have 
lecently appealed in medical jouinals 

In table 1 aie shown the lesults of compaiative leadings made by 
A’^aiious observeis All values haA^e been i educed to the same scale for 
comparison, so that the A^aiious scale standaids used m the different 
methods do not affect the lesults here shoAvn The readings obtained 
by Senty “ in his studies aie indicated by points placed on seA^eial graphs 
exhibited in his paper We liaA^e computed the aA^eiage and maximal 
percentage differences from the values thus indicated by Senty The 
same is tiue of the leadings obtained by BroAvn and Roth,^ and we have 
computed the percentage difteiences shoAvn m table 1 

' From the Section on Physics, Iowa State College, Ames, low a, and the 
Section on Phjsics, Mayo Clinic and The Alayo Foundation, Rochester, IMinn 

1 Lindsay, J W , Rice, E C , and Sehnger, M A A Plea for a Standard- 
ized Method of Estimating and Reporting Hemoglobin Values, J Lab S. Clin 
Med 11 737, 1926 

2 Senty, EG A Comparative Study of Various Methods of Hemoglobin 
Determinations, J Lab & Clin Aled 8 591, 1922-1923 

3 Brown, G E, and Roth, G M Prognostic Value of Anemia m Chronic 
Glomerular Nephritis, J A M A 81 1948 (Dec 8) 1923 



D 4 FIS-SHEARD— SPECTROPHOTOMETER 


227 


It IS CMdent from these lesults that the hemoglobin values given by 
the vaiious methods diffei greatly When one considers that, with only 
two exceptions, no two methods here compared aie found to agree on 
the a\eiage even to within 10 per cent, and that the maximal difteiences 
lun fiom 26 to 56 per cent, one is convinced that altogether too much 
confidence is commonly placed in the readings given by the ordinary 
routine methods here represented ^ These data do not give conclusive 
evidence concerning the lelative accuracy of the different methods, since 
only the last three sets of readings in the table are compared with a 
method of pio\ed accuiacy (the van Slyke) The following points are 
woith noting, howe^er Readings by the Newcomer method aie found 
b} Lindsa} , Rich and Sehnger to vary from the van Slyke readings by 

Table 1 — Compatative Readings of Hemoglobin by Vaiious Methods 


Difference (per Cent) Prom Eesult by 
Method Indicated Below 

- A - _ 

f ^ 

Cohen and Smith Newcomer 

! * ^ — \ 

Obser\or Method Observations Average Ma-umal Average Maximal 


Sentj 

Dare 

91 

17 3 40 

Newcomer 

91 

GO 40 


Tallqi ist 

91 

17 2 56 

Haldane-Palmer 

Broun and Rotli 

Dare 

72 

(0 70 per cent 
on Dare scale) 

£9 

(above 70 
per cent on 
Dare scale) 

10 G 20 

27 5 46 

Van Slj le Oxygen 
Capacity 

Lmdsaj , Rice and Selinger 

Dare 

(3 instrU' 7 
ments) 3 
2 

23 7 Not given 

27 3 bj authors 
38 0 


Newcomer 

7 

21 


Sabli 

7 

3G9 


13 9 

14 8 



only 2 1 per cent However, too few comparatue readings (seventeen) 
were taken to warrant conclusions Senty finds the Newcomer method 
to give readings differing on the aveiage by only 6 per cent from the 
Cohen and Smith readings, }et many of the individual differences are 
great, varying from —24 pei cent (not shown in table) to +40 per cent 
Only 82 pei cent of all the ninety-one readings are m agreement to 
within 10 per cent Therefore, judging from these data, we must con- 
clude that neither the Newcomer method nor the method of Cohen and 
Smith IS shown to be highly reliable, although the evidence is somewhat 
favorable to them 

All the data concerning the Dare hemoglobinometer lead inevitably to 
the conclusion that the readings are unreliable, unless one is willing to 

4 The van Slyke oxygen-capacity method is sufficiently accurate, but it is not 
ordinarily used as a routine procedure because of the labor and time involved 
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attribute the lack of agieement to the othei four methods with which 
the Dare is compaied The latter alternative is not leasonable, however, 
especially since one of the four methods, the van Slyke, is known to be 
accurate to within 1 or 2 per cent Again, it is interesting to note that 
Senty finds the Dare readings to agree with the Cohen and Smith and 
with the Newcomei leadings little better than do the leadings by the 
Tallqvist method Since the latter method is commonly, and correctly, 
regarded as unieliable, this compaiison is fuither evidence of the 
inaccuiacy of the Daie method 

As to the Sahh hemometei, the seven readings taken by Lindsa}, 
Rice and Selingei indicate that the mstiument is highly inaccuiate 
Possibly the aveiage difteience fiom the van Slyke readings would be 
lowei if moie readings were compaied It is clear, howevei, that no 
method can be consideied lehable in diagnosis if seven \alues are found 
to show an aveiage eiioi of 36 9 pei cent 

We aie haidly justified in di awing conclusions as to the accuracy of 
the Haldane- Palmer method, since it is compared only with the Daie 
method, with which it is in pool agieement 

Obseivations on the data m table 1 may be summaiized biiefly in the 
follownng conclusions 

1 All the evidence hei e shown indicates that the Dai e, the Sahh and 
the Tallqvist methods aie entiiely too unieliable for use m accuiate 
diagnosis 

2 The evidence conceining the method of Newcomei and that of 
Cohen and Smith is parti) favoiable and paitly unfavorable 

3 No reliable conclusion can be drawn fiom these data conceining 
the Haldane-Palinei method 

OBJECT or THE INVESTIGATIONS 

The object of the piesent woik has been to iniestigate the possibili- 
ties of the spectrophotometiic method of deteimmation of hemoglobin 
(1) for the use in routine diagnosis, (2) foi standai dization pin poses 
and (3) as a leseaich method Briefly stated, the im estigations were 
piompted by (1) a giowung dissatisfaction wuth the methods now" m 
common use, because of then geneial unreliabilit) , as illustiated m 
table 1 , (2) the need for a standai dizing method wduch is at once highly 
accurate, fairly simple, and capable of being repioduced at any time 
wuthout uncertainty oi ambiguity, and (3) the desii ability foi leseaich 
workeis to have at then disposal a method sufficiently simple and 
accurate to be used m following closely the couise of tieatment m its 
effect on hemoglobin concentiation, oi m investigating any question 
which may arise m regaid to the value oi vaiiation of the concentiation 
m states of health and disease 
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THEORY AND EXPERIMENTAL METHOD 

The theory of spectrophotometnc determination of the amount of hemoglobin 
or other substance in solution is well known When light is allowed to pass 
through a solution of a colored substance, such as hemoglobin, it is found in 
general that the different wave lengths are transmitted unequally If one plots the 
fraction of light transmitted at each wave length, the spectral transmission curve 
for that particular substance is obtained No two substances have spectral trans- 
mission curves of exactly the same shape, so in general one may with certainty 
identifj a substance from the shape of its curve The transmission of light of 
Aarious wave lengths (from red to violet) by oxyhemoglobin (curve 1) and acid 
hematin (curve 2) are given in chart 1 For curve 1 the dilution was one part by 
v'olume of blood to 200 cc (approximately) of 01 per cent solution of sodium 
carbonate, in curve 2 the dilution was also 1 200 

Again, the fraction of light transmitted by the substance at any given wave 
length can be used m calculating the concentration of the substance in the solu- 
tion, providing the value of a certain constant called the absorption ratio is known 
for that wave length The value of this absorption ratio is given by the relation 

A = CD' (1) 

in which A is the absorption ratio, C is the concentration of the substance and 
D' IS the thickness of solution winch transmits only one tenth of the amount 
of light (of that particular wave length) which enters it From this relation, 
one has 

A 

C = - (2) 

D' 

As a rule, however, it is not convenient to make the thickness of solution 
examined exactly equal to the length D' If the thickness is some other length, 
D, then it may easily be shown that 

D 

D'= (3) 

logjoF 

in which F is the fraction of light transmitted by the thickness D Substituting 
this value in equation (2), one has 

A 

C = log:o r (4) 

D 

Since A and D are constants, this equation simply means that the concentration 
of the hemoglobin or other substance in the solution is proportional to the negative 
logarithm of the fraction of light transmitted 

This gives a simple method for estimating the amount of hemoglobin m blood 
The values of A and D being known, it is necessary only to measure the fraction 
of light transmitted and to substitute this number for F in equation (4) , or, 
simpler still, it is possible to make use of a curve plotted from equation (4) to 
read the concentration of hemoglobin directly from the curve as soon as the 
value of F has been found A curve of this type, used m our investigations, is 
shown in chart 2 If the answer is obtained from a curve in this manner, and if 
one uses a direct reading spectrophotometer in finding F, then no computation of 
any kind is required 

As a rule, the spectral transmission curve of a colored substance in solution 
shows one or more absorption bands The number, position and intensity of 
these bands are characteristic of the absorbing substance, differing in general 
even for different derivatives of the same substance In the present determina- 
tions of concentration of hemoglobin, the transmission in the region of maximal 
absorption in one of the absorption bands of oxyhemoglobin was measured The 
band chosen was the so-called /8-band situated in the greenish yellow region of 
the spectrum In this band, maximal absorption takes place at a wave length of 
approximately 542 millimicrons This was determined by a series of examinations 
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Chart 1 —Characteristic spectral transmission ciir\cs of o\\ hemoglobin and 
acid-hematin I is the curve for owhcmoglobin , II the cur\e for acid-hematiii 
It is the shape of the curve as a whole which is characteristic ot the transmitting 
substance The concentration and the depth (thickness) of solution e\amined 
are roughly tlie same for the two curves 


I 

^/<r 

Cl 

•Cl 

& 

f 




t\(ri 1 M' I I n f i 1 m rrrm" 


I TT 


/a 










^0 ££ £4 ze 30 3Z 34- 36 

Per Cent Light Transmission 


Chart 2— Curve from which the hemoglobin concentration Avas read off with- 
out computation Experimental conditions w'ere blood diluted to 1 200 with 
0 1 per cent sodium carbonate solution, then thoroughly shaken wnth air to form 
oxyhemoglobin, thickness of solution, 1 cm, wave length of light, 542 milli- 
microns, value of absorption ratio, 0001,100 
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of the shape of the transmissioi: curve in this region According!} a!! measure- 
ments were made at a wave length of 542 millimicrons 

All transmission readings were taken on the direct reading spectrophotometer 
of recent design, manufactured by Keuffel and Esser, and called by them a 
“color analyzer ” This instrument is more conveniently and rapidl} operated 
than the usual type of spectrophotometer To obtain light of any particular wave 
length, It is necessary only to turn a graduated dial to the proper setting The 
light comes from two brightly illuminated blocks of magnesium carbonate situated 
at the rear of a lamp-house containing two 400 watt lamps, and passes through 
two parallel tubes with glass ends, one containing a solution of the substance to 
be examined, the other containing the solvent only Equal illumination of the 
two halves of the optical field is obtained by rotating a graduated cylindric head 
b} which the amount of light of any desired wave length passing through the 
standard solvent may be modified at will, and from which the percentage of trans- 
mission may be read off directly Thus the fraction of light transmitted at any 
given wave length may be determined without computation of any kind 

The following technic was used in the determinations of hemoglobin concen- 
tration The specimen of blood w'as obtained by venipuncture and at once shaken 
wuth about 20 mg of pow'dered potassium oxalate to prevent clotting As a rule, 
about 20 cc of blood w^as draw'ii in order to insure a sufficient quantity for the 
\anous tests which it might be desirable to make How'ever, only a small 
amount ivas necessary for use in the hemoglobin determination \ small part 
(usually OOS cc ) of the specimen of blood was diluted to 1 200 wnth 0 1 per cent 
sodium carbonate solution, b} means of carefully calibrated pipets It w'as then 
thoroughly shaken wnth air to change the hemoglobin to oxyhemoglobin , one of 
the two analyzer tubes of the spectrophotometer w^as filled with the solution, and 
the fraction of light transmitted at a w'ave length of 542 millimicrons w^as obtained 
by aieraging several (usually ten) readings Anal}zer tubes of 1 cm in length 
were used The fraction of light transmitted gave the value of the term F in 
equation (4), so that the hemoglobin concentration, C, could be calculated 
Instead of substituting in equation (4), how'ever, our results were read off 
directly from a curve (chart 2) obtained by plotting equation (4) as previously 
described 

The procedure therefore consists of the follow'ing steps (1) dilution of the 
specimen of blood, (2) shaking w'lth air, (3) filling the analyzer tube with 
standardized solution, (4) taking the transmission readings, and (5) reading the 
hemoglobin concentration from the curve If the dilution is made w'lth a diluting 
pipet similar to those used m blood counting, the entire procedure can be carried 
out in about five minutes The method therefore is neither laborious nor time 
consuming There are no corrections to be made Computations of any kind 
are not necessary, since the result is obtained from a curve 

DCTERMINATIOiN' OF THF VBSORPTION RATIO 

In order to use equation (4) it w'as necessary to knoiv the value of the 
absorption ratio A for oxyhemoglobin for the w'ave length employed, namely, 542 
millimicrons Williamson," in his studies on hemoglobin in 1916, found the average 
\alue of A for oxyhemoglobin for the spectral region betiveen wave lengths 534 
and 542 millimicrons to be about 000118 (the average of two determinations, 
0 001168 and 0001190) The value at w'ave length 542 millimicrons has never 
before been determined, how'ever In determining it the following method w'as 
employed 

Fifteen different specimens of blood, obtained by venipuncture and treated 
W'lth a small amount of powdered potassium oxalate to prevent clotting, were 
tested for hemoglobin content by the van Slyke oxygen capacity method For 
these tests we are indebted to Dr E J Baldes, of the Section on Physics of the 


5 Williamson, C S Influence of Age and Sex on Hemoglobin, Arch Int 
Med 18 SOS (Oct ) 1916 
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Mayo Clinic The tests were carefully earned out, with the latest improved 
van Slyke apparatus In every case (except one) two or more independent deter- 
minations were made and the average taken as the correct value of the hemoglobin 
concentration for the specimen under test It is felt, therefore, that considerable 
confidence can be placed in the accuracy of the results All the specimens were 
tested for methemoglobin by a sensitive spectrometer, and it was not found 
in any Such tests were thought desirable since the presence of methemo- 
globin would affect the comparative values as determined by the oxygen capacity 
and spectrophotometric methods Part of each specimen of blood was also diluted 
to 1 200 with 01 per cent sodium carbonate solution, shaken thoroughly with air 
to secure oxygenation, and tested with the direct reading spectrophotometer for 
transmission at a ivave length of 542 millimicrons, the procedure being exactlj 
the same as that followed in obtaining the hemoglobin concentration by the 
spectrophotometric method In order to increase the accurac}', two or three 
(three in all but two instances) different dilutions of each specimen of blood 
were made up and examined Ten settings of the instrument ivere made for 
each dilution The average value of the transmission for the two or three dilu- 
tions was then substituted for F in equation (4), the concentration C being the 


Table 2 — 4bsoiplton Ratio fot Oxyhemoglobin at JVave Length 

542 Mtlhinici ons 


Determination 

Absorption Ratio A 

1 

OOOIOSS 

2 

loss 

3 

1007 

4 

1005 

6 

loss 

G 

1090 

7 

10S3 

8 

1111 

9 

lOSO 

10 

1124 

11 

1113 

12 

1103 

13 

1132 

14 

llOS 

15 

1093 

Aierage 

0 001,100 ± 0 000,003 


value found by the van Slyke method The value of D was 1, since containing- 
tubes 1 cm in length w'ere used The value of the absorption ratio A w’as then 
found from the equation 

The values obtained for A, the absorption ratio, are shown in table 2 Since 
fifteen independent determinations were made, and since the probable error is 
about 3 parts in 1,100, it is believed that the average value of A equals 0 001100 
IS fairly accurate It was used as the absorption ratio for oxyhemoglobin at 
wave length 542 millimicrons in all the measurements of hemoglobin concentration 
reported in this paper Once established, the value of this ratio is, of course, a 
constant, which can be used in all measurements at the w ave length, wdiatever tvpe 
of spectrophotometer is used 

TESTS or ACCURACY OF SPECTROPHOTOMETRIC, DARE AND 
ACID-HEMATIN COLORIMETRIC METHODS 

When the value of A had been determined, the hemoglobin concentration for 
each of the fifteen specimens of blood used m determining A w'as obtained from 
a curve, as previously described These values w'ere compared with the van SlyTe 
readings in order to obtain a check on the accuracy of the spectrophotometric 
method At the same time, each specimen was examined by the acid-hematin 
colorimetric (Cohen and Smith) and Dare methods in order to obtain first-hand 
information as to their accuracy A colorimeter of the Duboscq type was used in 
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the acid-hematin method Readings on the Dare instrument were made by two 
difterent obser\ers, both experienced in colorimetric readings Each made six 
settings on the same instrument under identical conditions The average of each 
set of SIX readings was used in obtaining the concentration Results bj all three 
methods are shown m table 3 and are expressed in percentage variations from the 
1 an Slyke results The values shown are not affected by the scale standards used 
by the acid-hematm and Dare methods, since all readings were converted to grams 
of hemoglobin for each 100 cc of blood before comparisons were made 

DISCUSSION OF RESULTS 

In order to determine conectly the accuracy of any method of 
measurement, one must know whether any of the values obtained m the 
senes of measurements weie aibitianly discarded It is obvious that if 
the experimentet discaids the results which difter widely from the cor- 
rect value and reports only those which are moie accurate, then a correct 



Txble 3 — Pcicentage 

Vaiiatwns fiom van Slyk 

e Readings 



Spectropliotometer 

Acid 

Dire 

A 









Specimen 

of Dilution 

Dilution 

Dilution 

(Cohen and 

First 

Second 

Blood 

No 1 

No 2 

No 3 

Smith) 

Observer 

Observer 

1 

17 

13 

03 

23 

ISO 

03 

0 

18 

13 

02 

40 

15 0 

19 

s 

07 

01 


60 

201 

23 

4 

05 

1 5 


13 

13 6 

58 

5 

1 8 

11 

04 

12 

201 

16 5 

G 

15 

07 

09 

04 

26 7 

112 

7 

1 6 

19 

12 

12 

235 

202 

8 

00 

08 

10 

10 

117 

35 

9 

23 

13 

19 

14 

13 7 

01 

10 

21 

27 

18 

18 

216 

14 0 

11 

10 

01 

IS 

27 

247 

12 7 

12 

00 

02 

09 

33 

14 5 

76 

13 

33 

24 

27 

14 

10 7 

49 

14 

SO 

00 

09 

7 7 

17 8 

10 9 

15 

1 1 

00 

04 

05 

OS 

12 9 

Average 


Y 

13 


2 5 

17 0 

88 

Maximum 


33 


7 7 

207 

202 


idea of the accuracy of the method cannot be obtained from the results 
published Again, it is ei'idently of gieat importance to the diag- 
nostician to know appioximately the maximal enor to which the 
measurements are liable, since that maximal eiior determines the limit 
of reliability of the diagnosis m any paiticulai case 

With these principles in mind, it is possible to evaluate the results 
shown in table 3 No results weie arbitrarily discarded in making up 
the table, that is, the results shown in the table represent an unbroken 
senes of fifteen measurements (actually forty-three measurements by 
the spectrophotometnc method and thirty b}- the Dare) , all results in the 
series being included regardless of their degree of accuracy® One may, 
therefore, take the series as a fairly reliable criterion of the dependability 
of the methods represented 

6 Results m one case were thrown out, but only because the values given by 
the van Slyke method were not consistent 
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From these lesults the high degree of acciuacy of the spectrophoto- 
metric measuiements is apparent Foi all the forty-three independent 
deteiminations, the average variation from the lesults by the van Slyke 
method is only 1 3 pei cent, with a maximal vaiiation of 3 3 per cent 
As the individual deteiminations by the van Slyke method itself may 
fiequently be m eiior by 1 pei cent or more, according to caiefiil check 
by othei expeiimenters, this agieement must be considered to be close 
The maximal erior obseived probably lepiesents the sum of two eirors, 
that of the van Slyke method and that of the spectrophotometiic pro- 
ceduie The aveiage eiioi should not be affected by the inaccuracies 
of the van Slyke lesults, however, since the} aie probably as often posi- 
tive as negative It may be concluded, theiefoie, that under leasonably 
satisfactoi}’- conditions of measuiement it should be possible to measure 
the concentration of hemoglobin in the blood by the spectrophotometric 
method with an average eiror of 1 5 pei cent or less, and with a maximal 
eiror of about 3 pei cent 

Results obtained by the acid-hematin coloiimetiic method also ^^ele 
found to agiee well with the lan Slyke results with an average lariation 
of 2 5 per cent and a maximal ^allatlon of 7 7 pei cent The enors to 
be expected, therefore, aie lotighly twice those indicated foi the spec- 
ti ophotometnc method It is to be noted that the standard solution 
heie used in the deteiminations foi acid hematin was cahbiated fiom 
the A an Slyke readings on the fifteen specimens of blood, so that any 
inaccuiacy of cahbiation of the standaid solution did not affect the 
accuracy of the lesults heie indicated The degiee of accuiac} here 
shown can theiefoie be expected only m case the standaid solution is 
accurately calibrated at the time the leadings are taken 

The present lesults agiee roughly with those of othei expeiimenters 
in legard to the inaccuracy of the Dare method (compaie with table 1) 
Not only are the average and maximal eirors high, but the two observers 
do not read the same mstiument even appi oximately the same under 
identical conditions In fairness to the method, it should be noted here 
that in nearly every case the Dare leadings weie too low This in itself 
might indicate only that the instrument used needed i ecahbration But 
inspection of the readings from which table 3 is made up, shows that the 
errors run from -j-12 9 per cent to — 26 7 per cent Theiefoie by 
recahbration of the instrument it is obviously impossible to reduce the 
inaccuiacy of the method to satisfactoiy figures It is clear that if 
expel lenced observers do not lead the same mstiument alike, and if an 
individual determination, which is the aveiage of six settings of the 
instrument, may be in error by as much as 20 pei cent or more, the 
instrument is not sufficiently accurate for careful woik in diagnosis 
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E\ \LUATIOX OF THE SPECTROPHOTOHETRIC METHOD 

The accuiac} of the spectrophotometnc method of determining hemo- 
globin judging fiom our results appears to be such as to recommend it 
foi piacticalh all purposes As used in the present investigations, it is 
also sufficient!} simple and lapid to wairant its use m routine measure- 
ments It should pl 0 ^e to be a comenient and accurate method for use 
in medical reseaich and in the standardization of ^allous instruments 
and methods 

blMPLinC^TION or THE SPECTROPHOTOMETER 

The foim of spectiophotometer used m the present ^\ork is open to 
the objection that it is expensne It tlieiefore became our desire to 
pel feet a more simple and inexpensn e instrument For this purpose we 
chose a Wratten light filtei (no 74 Eastman Kodak Company) which 
permitted the passage ot light of onh a leasonabh narrow legion (from 
510 to 550 millimicrons with its maximum at about 530 millimicrons) 
co\eimg most of the j3-absorption band of ox} hemoglobin The light 
passing through this filter is not monochromatic, but since it contains 
those wa^e lengths which are absoibed in one of the characteristic 
absoiption bands of ox) hemoglobin it ma} uell be used m spectro- 
photometnc measurements of hemoglobin concentiation B\ the use of 
this filter and a neutral densit}* wedge for balancing intensities ue uere 
able to construct in the lough an instrument which will cost little and 
\\hich uill enable deteiminations of hemoglobin to be made rapidly and 
■with a fair degree of accurac}' This instuiment and some other simple 
designs are noM under imestigation 

In this connection, it maj be noted that Kenned} ' has recently 
described a method of using light filters in connection with a Duboscq 
colorimeter m hemoglobin measurements Also, Exton ® presented the 
results of some similar simplified spectrophotometnc methods at the 
meeting of the Optical Societ} of America held in Philadelphia, Octo- 
ber, 1926 

SUMMARY 

Data obtained b} "v arious im estigators clear!} indicate that the Dare, 
the Sahli and the TallqMst methods foi the determination of hemoglobin 
are entire!} too unreliable for use in making accurate determinations 
The evidence concerning the method of Newcomer and that of Cohen 
and Smith is partly fa\oiable and partly unfavoiable 

The object of the present w'ork has been to imestigate the possibili- 
ties of the spectrophotometnc method 

7 Kennedy, R P The Use of Light Filters m Colonmetrj' with a klethod 
for the Estimation of Hemoglobin, Am J Phisiol 78 56, 1926 

8 Exton, W G A New Method of Colonmetrr, J Opt Soc Am 14 134, 

1927 
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In each of fifteen different specimens of blood the hemoglobin con- 
centration was detei mined by foui diffeient methods, namely, the van 
Slyke oxygen capacity, the specti ophotometi ic, the acid-hematm colon- 
metric (method of Cohen and Smith) and the Daie In the spectro- 
photometric method the hemoglobin was converted into oxyhemoglobin 
and transmission leadings were taken at wave length 542 millimicrons 
A diiect leading specti ophotometei was used, and lesults weie obtained 
from a cuive without computation It was fiist necessary, however, to 
determine the absoiption ratio A for oxj hemoglobin for a waAe length 
of 542 millimicrons The value of A, the absorption latio, was found 
to be 0001 100 d= 0000,003 

Foity-three independent detei minations b} the spectrophotometnc 
method (no lesults discarded) gave values having an aveiage vaiiation 
of only 1 3 pei cent from the van SI) ke values, with a maximal ^ ariation 
of 3 3 per cent The method, theiefore, is shown to be highly accurate 
Values given by the acid-hematm colorimetiic method also agieed 
fairly well with the van Slyke values, difleiing on the a^erage b\ 2 5 per 
cent, with a maximal diffeience of 7 7 pei cent 

The Dai e method was highly inaccurate This agrees with results b) 
other expel imentei s Readings by two difteient observers dift'eied from 
the van Slyke readings by 8 8 and 17 per cent on the a^erage, iMth 
maximal differences of 20 2 and 26 7 per cent 

We conclude fiom oui investigations that the specti ophotometi ic 
method of estimating hemoglobin is not only highly accurate, but also 
simple and fairly rapid as well It should pioie useful m diagnosis in 
work of standardization and in reseaich 

A simple and inexpensne foim of spectro])hotometer, using a color 
filter and a neutral density wedge, has been tiled out and found capable 
of giving fairly accuiate lesults 
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Although bieathlessuess on exeitjon 3S one of the most common 
symptoms of disease, and though diflficulty m obtaining a sufficient 
exchange of oxygen and caibon dioxide is the underlying cause, the 
exact mechanism is little undei stood Certainly it is the quantity of 
an and of oxygen lelative to the capacity of the subject lather than 
the absolute amount which is impoitant, and we have tiied to learn 
more about this phenomenon by compaiing the leaction of noimal and 
of breathless subjects to the same exeicise 

The pioneei woik of Haldane has led to an enormous amount of 
investigation during the last twenty yeais, and has been applied to 
the changes at the beginning and end of exeicise by Krogh and 
Lindhai d,^ by Campbell, Douglas and Hobson ~ and, more recently, by 
Hill and his fellow woikers ® The changes at the beginning take place 
quickly, and the laiger pait of the leveise changes take place only a 
little less quickly when the exercise is stopped It would be irrelevant 
to discuss this noimal adaptation in detail in this article, but almost 
at the moment exeicise is started, the pulse rate and the rate and depth 
of bieathing are much increased These take place through nervous 
influences at first, since, owing to the time taken by the blood in 
circulation, the chemical factors cannot come into play foi some seconds 
and aie not completely in operation for a minute oi moie, and until then 
the gaseous exchange gives no true indication of the actual metabolic 
changes At the end of exercise all of these diop rapidly at first, 
then more giadually, and even after mild exeicise the leturn is not 
complete foi two or thiee minutes The oxygen intake returns to 
normal lapidly, and the caibon dioxide output more slowly, so that at 
this peiiod there is a high respiratory quotient 

Recent work on the blood and lespiiation m patients who are short 
of breath from heart disease has been summarized and discussed by 

'■From the Medical Wards and the Department of Physiology, Guy's Hospital 

1 Krogh, A, and Lindhard, J J Physiol 47 113, 1913 , 53 431, 1919 

2 Campbell, J M H , Douglas, C G, and Hobson, F G Phil Tr, Lond 
B 210*372, 1920 

3 Hill A V , Long, C N H , and Lupton, H Proc Roy Soc Med B 
96 436, 475, 1924, ibid B 97 84, 155, 1925 
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Means ^ and by Meakins and Davies ° The most complete information 
could be obtained on the actual output of the heait pei beat and its 
minute volume, but the different methods aie not concoidant oi easy 
to use even m healthy subjects, though valuable results have been 
obtained This method has been tiled by Means and Newburgh, “ and 
by Meakins, Dautiebande and Fettei " in valvular disease of the heart, 
the minute volume having been determined dm mg exercise as well as 
during lest, and by Baicioft, Bock and Roughton in paioxysmal tachy- 
caidia® Means and Newburgh examined a patient with aortic and 
mitial disease, whose heart was “well compensated”, with exercise 
theie was less inciease in the minute volume of his blood flow than 
noimally Meakins, Dautiebande and Fetlei found that the minute 
volume even at lest tended to be less than noimal and was much less 
when theie was auiiculai fibi illation, with exeicise most of the increase 
was obtained by inci easing the pulse rate 

Few studies have been made on the lespiiatory exchange during and 
aftei exeicise m patients with heait disease, but obseivations on young 
men with valvulai disease have been made by Peabody and Stuigis 
The exeicise used was umning upstans foi one minute These authors 
comment on the delayed fall of A'entilation m patients with heart dis- 
ease, on the delayed elimination of caibon dioxide with a consequent rise 
of quotient, on the lowei peicentage of carbon dioxide in the expired air, 
on the tendency to shallow bieathing and inci eased total ventilation and 
on the fact that light exeicise produced the same peicentage of change 
in both gioups, but moie subjective dyspnea in the patients 

We have obtained a moie detailed pictuie bj measuring the respiia- 
tory exchange for each minute sepaiately instead of foi five minute 
periods, and by continuing the exeicise foi five oi ten minutes instead of 
for one minute only, as eailiei obseivations had shown that even tlnee 
minute exercise was not long enough to obtain equihbi lum The easier 
of our exercises was continued foi ten minutes, but as tbe lesiilts shoved 
that five minutes weie leally long enough to give the infoimation 
required, the hardei exeicise was done only for this peiiod The tests 
chosen weie stepping on and off a Avooden block 13 inches high six or 

4 Means, J H Dyspnea, Baltimore, Williams & Wilkins, 1924, p 79 

5 Meakins, J C , and Davies, H W Respirator}-^ Function in Disease 
Edinburgh, Oliver and Boyd, 1925, p 295 

6 Means, J H, and Newsburgh, L H Tr A Am Ph^s 30 51, 1915 

7 Meakins, J , Dautrebande, L, and Fetter, W J Heart 10 153, 1922 

8 Barcroft, J , Bock, A V , and Roughton, F J Heart 9 7, 1921-1922 

9 Peabody, F W , and Sturgis, C C Clinical Studies on Respiration , 
Effect of Exercise on Metabolism, Heart Rate and Pulmonarv Ventilation of 
Normal Subjects and Patients Avith Heart Disease, Arch Int Med 29 277 
(March) 1922 

10 Campbell, J M H , and Poulton, E P Quart J Med 20 27, 49, 1926 
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twelve times a minute At least three observations were made on each 
patient at both rates, except in one patient wdio performed the hardei 
exercise 

The ventilation and metabolism w’-ere measured b} a closed circuit 
apparatus of the Regnault-Reiset type developed w'lth the help of Dr 
E P Poulton from similar methods used by Douglas and Haldane, 
Krogh and Benedict As w^e hope to publish a full description 
shortly, it need not be detailed in this article 

METHOD 

Three patients short of breath as a result of heart disease w^ere com 
pared with a healthy medical student, only small numbers w'ere 
examined, because a more accurate picture could be obtained by taking 
the average of several observations, and because in an}’' respiratory 
work, breathing into a mask is always a disturbing factor w'hich can 
best be eliminated by practice These four subjects w^ere examined 
frequentl}’’ during a period of four months Young patients with 
valvular disease of the heart w^ere chosen because this had a relatively 
simple pathology, and other changes, such as renal or arterial disease, 
could be readily excluded 

CLINICAL CONDITION OF THE PATIENTS 

It IS difficult to choose for observation patients in wdiom there is 
one simple heart lesion such as might be produced m an experiment on 
animals In two of these three cases the lesion w^as not simple, but this 
is perhaps less important than it seems at first, because, except for the 
different t}pe of breathing found in aortic regurgitation and mitral 
stenosis, it appears to be the degree of the resulting disability rather 
than its natuie which affects the respirator} exchange 

This disability is difficult to express exactly in w^ords , none of these 
patients belonged to the class in wdnch the cardiac lesion is of such 
slight importance as to interfere onl} with heavier w'ork, or to the class 
m wdnch the onset of cardiac failure has stopped all but the lightest 
exertion They belonged to wdiat is peihaps the commonest group of 
patients wuth valvular disease, outpatients, for wffiom w^alking is fairly 
easy, but for whom an} other than the lightest occupation is impossible and 
the onset of definite cardiac failure a frequent threat Two had already 
had attacks of cardiac failure from wdnch the} had made good, if only 
temporary, recoveries, wdnle in the third, such an attack followed about 
nine months after these tests At the time all w^ere able to walk about 
slowdy without much difficulty, but they could not do much more 
than this 

11 Douglas, C G, and Haldane, J S J Pinsiol 44 305, 1912 

12 Krogh, A The Respirator}' Exchange m Animals and 5ilan Xeu York. 
Longman, Greene & Co 1916 

13 Benedict, F G Deutsches Arch f klm Med 107 156, 1912 
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A more exact idea will be given by the result of the stepping tests 
It should he remembered that, judged by the consumption of oxygen 
to which this exercise gives use, it is a little easier to do six of these 
steps a minute than to walk two and one-half miles an hour, it is more 
difficult to do twelve steps a minute than to walk thiee and one-half 
miles an hour hut easiei than to walk four miles an hour, and it is 
more difficult to do eighteen steps a minute than to walk four and 
one-half miles an hour (Douglas “) Six steps a minute was easy for 
all these patients, twelve steps a minute was the first rate which 
appeared at all difficult G could not step faster than this, while 
the othei two could stait to do eighteen steps a minute hut could not 
continue even for thiee minutes The breathlessness seemed greatest in 
G and least in L A short clinical history of the three patients follows 
Some preliminary results on the ventilation have been recorded in 
another paper,^® m which L was lef erred to as case 11, G as case 12 
and A as case 17 The noimal peison was a medical student (F J S ), 
aged 24, Avho showed no clinical evidence of heart disease, and who 
had had no seiious illness He was fit and, though not m training, was 
taking a model ate amount of exercise 

The pulse lates and other results aftei these same stepping exercises 
have been recoided by Hunt and Pemhrey’'’’ 

REPORT or CASES 

Case 1 — L, a voman, aged 22, had rheumatic fe\er m 1913 and vas treated 
in bed for seven weeks When she left school in 1917, she \\as engaged in muni- 
tion work and continued to feel well until 1921, when she again had rheumatic 
fever Since then she had suffered from breathlessness and had been unable to 
work She had recently coughed up some blood-streaked sputum On admission 
to the hospital she was comfortable when at rest, but had a cough and was 
breathless on exertion Her heart rate was irregular at the apex betw'een 120 
and 130, and at the wrist betw'een 100 and 110 There w'as a diffuse impulse out- 
side the nipple line, and the area of dulness extended almost to the anterior axillary 
line and to the right of the sternum A systolic and a long diastolic bruit W'ere 
heard at the apex There were coarse rales at the base of both lungs, but no 
edema of the feet and no albuminuria 

Auricular fibrillation and mitral stenosis and regurgitation were diagnosed bv 
Dr Hunt When digitalis w'as administered the pulse rate soon dropped, and 
her apex beat came in somew'hat The patient w'as allow'ed to be up after five w'eeks 
for graduated exercises and was discharged, able to w'alk about slow'lj w'lthout 
being short of breath and with an almost regular pulse rate of 70 w'hen at rest 
Her condition continued much the same, she attended the outpatient clinic regu- 
larly and took digitalis until these observations w'ere made There w'as little 
change in her general condition a 3 'ear later 

Case 2 — G had rheumatic fever when he w'as 11 and w'as tw'ice in the infirm- 
ary for eight and six weeks, respectively He was still short of breath on exertion 
a year later w'hen these tests were made The area of dulness extended to the 


14 Douglas, C G J Physiol 42 17, 1911 

15 Campbell, J M H Guy’s Hosp Rep 76 394, 1926 

16 Hunt, G H , and Pembrey, M S Guy’s Hosp Rep 71 415, 1921 , 72 
367, 1922 
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right of the sternum and half an inch to the left of the midclavicular line There 
was a presystolic bruit and thrill at the apex, and the pulse rate at rest was 100 
and regular He did not have edema of the feet Nine months after these tests, 
the patient became increasingly short of breath and was admitted to Guy’s Hos- 
pital under the care of Dr Beddard, who diagnosed mitral stenosis and regurgita- 
tion with heart failure His pulse was still regular, but the rate had increased to 
130 He had edema of the feet, crepitations at the base of the lungs, albuminuria 
and an enlarged liver The patient improved under the intravenous administra- 
tion of strophanthm, but six months later, he was still just able to walk about 
and was m a much worse condition than when these tests were made 

Case 3 — A , a man, aged 21, gave no history of rheumatic fever A year 
before admission to the hospital he had noticed breathlessness, which had grad- 
ually become worse On admission he did not appear to suffer from breathlessness 
or cyanosis when at rest, but he became breathless on exertion His pulse was 
irregular m rhythm and force (between 100 and 120), and some beats felt 
at the apex were not felt at the wrist There was visible pulsation over a 
wide area in the epigastrium and as far as the left anterior axillarj'' line, where 
the apex could easily be felt in the sixth intercostal space The area of dulness 
extended nearly to this line and to the right of the sternum There were diastolic 
and systolic bruits at the apex and in the aortic area There was no edema of 
the feet and no albumin in the urine The Wassermann reaction was negative 

Dr French diagnosed auricular fibrillation, aortic stenosis and regurgitation, 
mitral stenosis and adherent pericardium The patient improved on digitalis 
therapy and was able to get up after a fortnight He was able gradually to get 
about the ward without raising his pulse rate above 80 or 90, and was discharged 
after a month He attended the outpatient clinics regularly, and graduated exer- 
cises were prescribed, but he was not able to progress far with these or to return 
to work as a vanman, although he was anxious to do so These tests were made 
about a year after his discharge from the hospital His pulse rate was then 
about 60, and almost regular, under the influence of digitalis, and his apex beat was 
not displaced so far to the left Aortic regurgitation seemed to be the outstanding 
^alvular lesion He died about a year later, but unfortunately the details were 
not known 

THE OX\GEN INTAKE DURING AND AFTER EXERCISE 

The figures for each subject are given in tables 1 and 2, but to 
make any comparison, allowance must be made for the difference in 
weight At rest, metabolism varies with surface aiea, but the extra 
metabolism due to exercise varies with the work done, this depends 
on the body weight, because the height of the step up which the body 
weight was lifted was the same The best way to compute the oxygen 
intake, therefore, was to deduct the metabolism at rest from that during 
exercise and to express the difference as cubic centimeters per kilogram 
of body weight The weight of the noimal subject was 75 Kg and of 
L , G and A 47 5, 23 8 and 48 2 Kg , respectively 

When this was done, theie was surprisingly little difference in the 
oxygen intake The normal subject used a little less than the others, 
especially during the hardei exercise The mechanical work done at 
both rates was the same, as the easier exercise was continued twice 
as long, but the extra metabolism for the easier exercise was greater 
because of the larger number of stepping movements During the easier 
exercise, the extra oxygen intakes expressed as cubic centimeters per 
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The a^erngo barometric pressure and room temperature to correct these figures to 
standard temperature and pressure arc, rtspcctivcij, 7CB and 14 for the norma] subject, 705 
and 13 5 for L , 7G0 and 11 5 for G and 705 ind 17 0 for A 

t When the carbon dioxide percentage vas not determined, the carbon dioxide output was 
obtained by interpolation 

t The number of observations of ivhicli these figures ire tlic avenge 'Ihe actual oxjgen 
output would be given more accuratolv bj the curves in figures 1 and 1, as the minute figures 
were recorded as the pointer passed each 50 cc mark 


Table 2 — Metabolism Each Minute Dining Excicise (Twilvc Steps a Minute) 
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* The average barometric pressure and room tempcratuie to correct these figures for 
standard temperature and pressure aie 757 and 15 for the normal subject, 757 and 16 5 for L . 
7^ and 16 for A and 751 and 17 5 for G 

t When carbon dioxide percentage was not determined dirtctlv, the caibon dioxide output 
was obtained by interpolation 

5 The number of observations of whieli these figures nie the average The actual oxvgen 
output would be giv'en more accurately bj the curves m flguies 1 and 2, ns the minute figures 
were generillj leeorded as the pointei of the dial p i«sed each 50 cc mark 
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kilogiam weie 70 foi the normal subject against 73, 75 and 71 for 
the patients, and during the hardei exeicise, 58 foi the noimal subject 
against 69, 62 and 67 foi L, G and A, lespectively The diffeiences 
weie small, and the ability of these subjects to take exeicise was but 
little influenced by the diffeient amounts of oxygen they needed foi 
the same work 

The piopoition of this extia oxygen which had to be obtained aftei 
the exercise was finished showed a significant diffeience At the moie 
lapid late the noimal subject used only 13 cc, while the otheis used 
between 20 and 22 cc pei kilogiam of body weight, m other woids, 
only 23 pei cent of the extia oxygen intake of the noimal subject, but 
30, 35 and 32 pei cent of that of the thiee patients, took place aftei 
exercise The slowei late of exeicise was haidly sufficient to bung out 
this diffeience 

The lelative oxygen intake foi the patients can be compaied with 
that for the noimal subject in figuies 1 and 2, which show the gaseous 
exchange expiessed as cubic centimeters pei kilogiam In the normal 
subject the oxygen intake lose lapidly and had practically i cached its 
maximum by the third minute, indeed, when the exeicise was continued 
foi ten minutes, it fell somewhat At the slowei late theie was no 
significant diffeience m A , in L, as much oxygen was obtained at the 
beginning of exercise but moie was taken in at the end and foi two 
minutes aftei, and in G less was obtained at the beginning and moie 
in the fiist foui minutes after the exercise was stopped At the fastei 
late the results weie moie stiikmg, as would be expected fiom the 
total figui es all eady given in A , the oxygen intake was a little less 
at the beginning of exeicise, but towaid the end and for ten minutes 
aftei the extia consumption of oxygen, it was always slightly gi eater, 
in L moie oxygen was obtained at the end of exeicise and considerably 
moie in the fiist thiee minutes aftei, and in G much less m the first 
two minutes of exercise and much moie in the fiist four minutes after 

On the whole, theie was a slightly gieatei consumption of oxygen 
in the patients with heait disease, and a smaller piopoition of the 
oxygen was taken dm mg the exeicise, especially during the haider one 
While both these changes would tend to mciease the bieathing, the 
extent of the change was not sufficient to pioduce any degree of 
dyspnea noimally 

In these patients it is inteiestmg to compaie the oxygen intake 
dm mg exeicise and the woik done, as various obseiveis have shown 
that theie is a lineai lelationship between these two normally (Benedict 
and Cathcart,^^ Boothby and Lindhaid^®) In figure 3, the extia 

17 Benedict, F G, and Cathcart, E P Carnegie Inst Washington, pub 
187, 1913 

18 Bootbby, W M Am J Physio! 37 383, 1915 

19 Lmdhard, J J Physiol 57 17, 1922 
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Fig 1 — The oxj'gen intake and carbon dioxide output during ten minutes of 
light exercise and fi\e minutes after Extra oxjgen and carbon dioxide are shown 
as cubic centimeters per kilogram of bod 3 weight to allow comparison between 
the four subjects The upper curves (with the right hand scale) show' extra ox\gen 
intake, the lower (with the left hand scale) show’ extra carbon dioxide output 
The thick lines on w’liich separate points are shown as crosses are the cun'cs for 
a normal subject and the thin are for three patients with heart disease The 
arrows indicate the end of exercise For claritj the curves during exercise are 
omitted when the}’ are nearlj’ normal, and A’s oxj’gen cur\e is omitted entirelj 
for the same reason During the second minute after the exercise, the cunes 
from above downward are those of G, L and a normal person for oxide and of 
G, A, L, and a normal person for carbon dioxide The curves show’ relatively 
small changes as regards oxygen intake but some increase after the exercise, and a 
smaller output of carbon dioxide at the beginning and a much greater output 
after the exercise is finished 



Fig 2 — The oxygen intake and carbon dioxide output during five minutes of 
harder exercise and for ten minutes after The scale is the same as in figure 1 
During the second minute after exercise the curves from above dow'nw’ard are 
those of G, L, A and a normal person for oxj'gen and A G L and a normal 
person for carbon dioxide At this harder exercise the patients’ oxygen intake is 
greater than normal except just at first, and more is taken in after the exercise is 
finished The curves for carbon dioxide show a much smaller output at the 
beginning except for L and a much larger output at the end of the exercise 
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consumption of oxygen has been plotted against the work, expressed as 
kilogram meters per minute, for the normal subject when taking three, 
SIX, nine and twelve steps a minute, and for patients when taking six 
and twelve steps a minute The curve showing the relationship was 
practically a straight line, and there was not much difference between 
the oxygen intake of the normal subject and that of the patients Owing 
to the lighter weight of the patients, the work they did for the same 
rate of exercise was less, but the oxygen intake for the same work was 
a little more The line was steeper, showing a faster increase of oxygen 
intake as the work increased, but the close general agreement meant 
that the diminished capacity of the patients for increasing their oxygen 
intake, rather than any change in the metabolism or oxygen requirement, 
caused breathlessness 



Fig 3 — The extra oxygen intake (per minute) for increasing work (as kilo- 
gram meters per minute) Oxygen is shown as cubic centimeters per minute and the 
work done as in kilogram meters The four points shown for the normal subject 
represent three, six, nine and twelve steps a minute The two points shown for 
each of two patients (whose weight was about two thirds of the normal) repre- 
sent SIX and twelve steps a minute The close agreement between the straight 
line joining the four points for the normal person and those joining the points 
for the patients with heart failure shows that it is not any change m the 
metabolism or the oxygen requirement which is responsible for their breathless- 
ness, but simply their diminished capacity for increasing their oxjgen intake 

THD OUTPUT or CARBON DIOXIDE DURING AND AFTER EXERCISE 

All that has been said about the oxygen intake applies with greater 
force to the output of carbon dioxide At both rates the amount of 
carbon dioxide expired relative to the work was always greater m the 
patients with heart disease than m the normal subject, and, except in 
one at the slower rate, the difference was always considerable For 
the slower rate there was little difference during, but much more after, 
exercise, the normal subject getting nd of less than 13 per cent of the 
total after the exercise and the others of 23, 30 and 28 per cent, 
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respectively, foi the faster late the figuies were 25 for the normal 
subject and 38, 45 and 51 for the patients 

If the results are followed from minute to minute (figs 1 and 2), 
the output of caibon dioxide was more consistent than the oxygen intake 
The mam dififeience was the smaller output m all three patients during 
the first two oi thiee minutes of exeicise and the greater output after 
stopping, sometimes for five minutes, sometimes longei, the increase at 
the end being much more than the decrease at the beginning In the 
1101 mal subject the output i cached almost its maximum by the third 
minute of exercise but continued rising slightly, while after stopping 
It leached nearly its lesting value by the third oi foiiith minute At 
the slowei late the changes weie most striking in A and G, L being 
neaily noimal by the fouith minute of exeicise and by the fouith 
minute aftei stopping The output was highei in A and G even dur- 
ing the latter pait of the exeicise At the faster rate the difference 
at the beginning was gieatei, especialh’^ in A and G, while after 
exeicise it was gieatei and lasted longei, being considerable in all three 
patients five minutes after the exeicise was stopped 

The output of caibon dioxide depends on two vaiiables the total 
ventilation and the percentage of caibon dioxide m the expired air. 
At rest the lattei was much lowei m G and A than in a normal person 
The greatei output requiied by the hardei exeicise was obtained mainly 
by inci easing the ventilation so that there was little diffeience m the 
peicentage of caibon dioxide The first minute aftei the exeicise was 
finished, the peicentage was often a little higher, but it then fell to 
near the i esting value at about the same rate as the v''entilation 

The behavioi of L was most like the normal, as hei percentage at 
rest and hei use dining exeicise were only a little low and well within 
normal limits (4 instead of 4 3) In G, whose leaction was most 
abnormal, the percentage fell steadily thioughout the exeicise and, as 
might be expected from this, was lowei with the haidei than with the 
easier exeicise, namely, 2 2 and 2 4 fiom 2 55 at rest This meant that 
his ventilation had to be increased moie than in the otheis to get an 
adequate output of carbon dioxide, as was found at both lates of 
exercise He could not continue the hardei exeicise foi moie than 
three minutes, and his shallow rapid bieathmg with such a low pei- 
centage of carbon dioxide m the expned air was no doubt closely 
associated with his greater disability A occupied an intei mediate 
position The percentage was as low as m G at rest and was still low 
during exercise, but the increase was about the same as m health As 
his breathing was deepei than noimal, this was not even a paitial reason 
for the low percentage of carbon dioxide 
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PULMONARY VENTILATION DURING AND AFTER EXERCISE 

Little need be said about this, as it has been discussed in a pievious 
papei The rise and fall of the curves for the ventilation aie in 
geneial siniilai to those shown in figures 1 and 2 for the carbon dioxide 
output The rate and depth of bieathing are given in table 3 In L the 
bieathing was slightly, and in G considei ably, more lapid and shallow, 
while 111 A it M^as stiikingly deeper and slower, as has been found 
frequently but not invariably m patients with aortic reguigitation The 
probable explanation of the shallow breathing so often occurimg with 

Table 3 — The Rate and Depth of Bieathing Dm mg and Aftei E'lcicisc 


E\ercise Sit Steps a Minute Etereise Twelve Steps a Minute 
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1 

18 

685 

19 

435 

25 

240 

15 

665 

18 

735 

23 

455 

SO 

240 

13 

880 


2 

19 

7a) 

20 

480 

31 

260 

16 

610 

21 

775 

22 

5S5 

45 

265 

13 

1050 


3 

19 

725 

20 

480 

36 

255 

15 

750 

21 

855 

21 

645 

44 

330 

16 

1020 


4 

19 

735 

20 

505 

37 

280 

16 

800 

23 

855 

22 

640 



16 

1100 


5 

19 

770 

20 

605 

36 

295 

14 

915 

23 

910 

22 

670 
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1060 
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20 
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21 
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16 
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18 
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19 
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37 
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17 
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2 

IS 
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17 

550 

31 

310 

15 

750 

17 

625 

18 

620 

35 

300 

15 

990 


3 

18 

455 

17 

470 

30 

280 

13 

775 

17 

625 

18 

540 

33 

290 

15 

835 


4 

17 

440 

19 

405 

28 

255 

13 

715 

17 

465 

17 

600 

31 

260 

15 

770 


5 

17 

440 

19 

350 

26 

270 

14 

685 

16 

450 

IS 

430 

31 

205 

15 

750 


C 

10 

455 

19 

315 

27 

250 

13 

700 

16 

435 

17 

405 

31 

205 

15 
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7 

16 

430 

20 
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26 

240 

14 

610 

16 
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17 

375 

30 

190 

14 

720 


S 

10 

455 

20 

300 

26 

215 

14 

590 

16 

430 

19 

340 

28 

170 

14 

6S5 


9 

15 

445 

20 

295 

25 

215 

14 

570 

16 

430 

18 

330 

26 

185 

14 

740 


10 

15 

440 

20 

293 

25 

210 

14 

570 

16 

430 

18 

355 

26 

185 

14 

650 


initial stenosis is in the greatei liability to pulmonary congestion, and 
in several patients one of us has found that the shallow breathing is 
associated with a gi eatl}!- i educed wtal capacity Other woi k on this 
subject has been discussed in this paper and fuither observations are 
being made The importance of vital capacity in the breathlessness of 
heart disease has been emphasized by Wentworth and Peabody,’® 
Hewlett, Myeis’’ and others 

20 Peabody, F W , and Wentworth, J A Clinical Studies on Respiration, 
Arch Int Med 20 443 (Sept ) 1917 

21 Hewlett, A W Heart 11 195, 1924 

22 Myers, J A Vital Capacity of the Lungs, Baltimore, Williams & 
Wilkms, 1925, p 39 
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The drum records of the ventilation were characteristic for each 
patient, and three typical tracings are shown in figure 4 The ventilation 
of A rose from 8 5 liters at rest to 17 2 liters during the third minute 
of exeicise, and that of G fiom 5 1 to 14 4 The late m A lose 
only from 14 to 17 5, while m G it was ahead} fast at lest and rose 
fiom 25 to 43 Theie was an eqiialh striking dilTerence m the depth 
of breathing, and these two lesults weie chaiacteiistic of what has 
usually been found in aoitic i egurgitation and m initial stenosis, respec- 
tively L, \\hose disability from mitral stenosis was less severe, 
occupied an intei mediate position The shallow, rapid bieathmg of G 
and the slow, deep bieathmg of A aie well shown in these tiacings, 
as IS the sudden inciease at the beginning and the slow deciease at the 
end of the exeicise It is cleai that in these patients (as Krogh and 



Fig 4 — Respirator} tracings before during and after exercise (twche steps 
a minute for five minutes) m three patients with heart disease The record has 
been cut to show the results of one minute at rest before exercise, the first three 
minutes of exercise and five minutes of rest after tlie exercise Tlie drum was 
running nearly, but not quite, at the same rate in each subject The top record 
IS from L with mitral stenosis, the middle from A, whose mam lesion was 
aortic regurgitation, and the bottom from G, with mitral stenosis The writing 
point was raised at the end of each minute The figures for the icntilation and 
the rate and depth of breathing are given m tables 1, 2 and 3 

Lmdhard ^ and others have shown m noimal subjects) the increased 
breathing, practically coincident with the onset of exercise, must have 
been brought about by the nervous system, while the waning at the 
end controlled by the moie usual chemical stimulus 

RESPIRATORY QUOTIENT DURING AND AFTER EXERCISE 

Little change was noted m the respiratoiy quotient of the noimal 
subject with the exception of a small drop in the second minute of 
exercise and a corresponding rise toward the end of the harder exercise 
and in the second minute after stopping the easier one In patients 
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at rest the quotient was within normal limits, but at the beginning of 
exercise it dropped below 0 7m each case and remained below the 
normal, except that in A , when he continued to exeicise for ten minutes, 
it rose above 0 9 towaid the end, as it did in the normal subject during 
hardei exeicise After stopping, the changes were greatei, and in all 
the patients the rise was higher and lasted longer This was especially 
well shown with the harder exercise and with A at both lates, the 
quotient being above 1 foi about five minutes These results are 
shown graphically in figure 5 Presumably owing to the defective 
circulation, the carbon dioxide produced cannot be eliminated at the 
beginning, and the retention leads to increasing breathlessness and to a 



Fig 5 — Respiratory quotient during and after exercise The thick lines are 
for the normal person, and the thin lines for three patients with heart disease (For 
clarity one of these is shown only after the exercise) The arrows indicate the 
beginning and end of exercise In the normal subject there was no great change 
In all the patients at the harder, and in A, at both exercises, there was a drop 
at the beginning of and a considerable rise after the exercise 

slow fall m the ventilation with consequent washing out of carbon 
dioxide after the exercise is finished 

Taking the total metabolism for the easier exercise and for ten 
minutes after, the quotient for the normal subject was 0 84, for L , 0 79, 
and for G , 0 82 — figures not far removed from the values at rest — 
but for A the figure was considerably higher, namelj^, 0 92 The 
corresponding figures for the harder exercise were for the normal 
subject, 0 83, for L, 0 83, for G, 0 8, and for A, considerably 
higher, 0 9 If the quotients for the extra metabolism are considered 
after deducting the values at rest, they were hardly different, except 
for G , in whom they were raised to 0 95 and 0 98, respectively 
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SUMMARY AND CONCLUSIONS 

A detailed investigation of the eflfect of exercise — loughly equivalent 
to slow and oidinary walking — ^lias been made in three patients with 
heart disease The metabolism relative to the subject’s weight did not 
vary greatly fiom the normal, which shows that the capacity for increas- 
ing ventilation and cii dilation, lathei than anj change m the metabolism 
or total ventilation lequiied, limits exeition Thioughout the range 
examined, both of these inci eased regulaily with the work done, so that 
their relationship could be shown graphically by a straight line 

In these patients the extra oxygen intake as the lesult of work was 
only slightly highei than noimal As the exercise became hardei the 
peicentage of the extia oxygen lequiied, which had to be obtained at 
the end of the exertion, inci eased moie m the patients Both these 
diffeiences would tend to pioduce Dieathlessness, but the degree of 
change would not have been suflicient to do so m a normal subject 

Gieatei difteiences weie noted in the elimination of carbon dioxide 
At the end of exeicise it was letained more than normally, so that the 
output of this gas and the ventilation fell to then lesting values moie 
slowly The changes at the beginning veie similai but less striking 
Consequently, the lespiratoiy quotient fell lather moie than usual at 
the beginning and rose consideiably moie than usual at the end The 
percentage of caibon dioxide in the expired an tended to be low, 
piobably because over-ventilation was needed to compensate foi defec- 
tive cii dilation In one patient theie was piactically no use m the 
peicentage during exeicise, so that the whole of the increased output of 
carbon dioxide had to be obtained by inci eased ^entllatlon 

The late and depth of breathing vaiied m type In a patient with 
mitral stenosis it was lapid and shallow This has been found in 
several others with mitral stenosis, and is piobably associated with the 
reduced vital capacity and congestion of the lungs to which these 
patients aie liable The lapid, shallow breathing is itself a further 
cause of breathlessness In a patient with aortic disease the bieathing 
was deep and of normal late This has been found frequently but 
not invariably in patients with aoitic reguigitation 
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Die Zuckerkrankheit und ihre Behandlung By C von Noorden, Geh 
Medizinalrat, Professor at the University, Frankfurt, a M , and I Issac, 
Professor at the University, Frankfurt, a M Eighth edition Cloth 
Price, $12 40 Pp 627, with 30 illustrations Berlin Julius Springer, 
1927 

In the ten years that have passed since the appearance of the seventh 
edition of von Noorden’s classic work, revolutionary developments have 
occurred in the field of diabetes, and these have necessitated a complete revi- 
sion as well as considerable amplification of the text Much of this develop- 
ment has originated in countries rarely heard from on the subject of diabetes 
before 1917 The field of activity in the research and theiapy of diabetes has 
been extended to such a degree since 1917 that the German clinicians no 
longer so completely monopolize the subject It is doubtful, therefore, whether 
this eighth edition of “Die Zuckerkrankheit” will have as great an influence 
on American readers as previous editions 

The survej'^ of the literature is highly praiseworthy and, although the chapters 
on dietary management may be prized by many chiefly for their historical 
interest, the parts of the work bearing on symptomatology and complications 
must continue to command the greatest admiration A section on the diseases 
of the eye in diabetes has been contributed by E Grafe This is based on 
examinations of the eyes in 1,200 cases and represents the most comprehensive 
study of this subject that has appeared 

The chapters on the theory of carbohydrate metabolism deserve careful 
examination bv American students of this subject, particularly because thought 
in this country has been so largely molded by the school which has taught that 
the chief fault in diabetes was defective oxidation of sugar Von Noorden 
has maintained, since 1910, that this teaching is wrong, that the tissues in 
diabetes oxidize sugar normally, and that the difficulty lies in an oversensi- 
tiveness of the liver whereby abnormal amounts of protein and fatty acid 
are converted into glucose (overproduction of sugar, sugar from fat) The 
action of the pancreas (insulin) is to check the activity of the liver, inhibit 
the formation of sugar from protein and fat and stabilize the glycogen stores 
of liver and other tissues This theory, resting until recently on unsatisfactory 
supports, has been considerably strengthened by the developments of the last 
few j'^ears Thus Frank Mann’s method of resecting the liver, in a two-stage 
operation which permits the animal to recover from the shock of the operation 
and makes it possible to obtain dependable respiratory quotients after the 
resection, has provided evidence that the quotients tend to rise toward unity 
after hepatectomy The results of his experiments are much more reliable 
than were those of the earlier experiments of Forges and Salomon This 
was the original experimental basis of von Noorden’s theory. Forges’ and 
Salomon’s results being taken to mean that, in the absence of the liver, fat 
and protein cease to be sources of energy 

It has also been demonstrated fairly conclusively in late years that muscular 
work IS accomplished only with carbohydrate This should be credited to 
A V Hill and Meyerhoff’s Nobel prize contributions, curiously, A V Hill’s 
name fails to appear either in the text or in the bibliography If Hill and 
Meyerhoff’s conclusions stand, sugar must be supplied to the muscles from 
fat whenever the organism is subsisting on materials poor in carbohydrate 
Recent work of Embden, Lesser and others seems to establish the fact that 
surviving diabetic tissues m perfusion experiments utilize glucose as well as 
do the tissues of normal animals, finally, the phenomenon of insulin shock 
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IS readilj' explained on the overproduction theorj, but causes serious embarrass- 
ment for those who hold to the view that oxidation is deficient 

In discussing the etiologj' of diabetes, von Noorden and Isaac place great 
emphasis on heredity, not only heredit} for diabetes alone but also heredity 
of inferioritv of the endocrine s^stcm as a whole One member of the system 
may be affected in one person of a family and another member in the next 
Hereditary diabetes m children is not found to be milder than other juvenile 
diabetes, contrary to the view's of Nauinn Locb and Joslin Inbreeding, 
restriction of the field of natural selection, is thought to be the explanation of 
the high incidence of diabetes in the Jews and high-cast Hindus An endog- 
enous disposition (abiotrophy) is the underhing cause of diabetes, while 
exogenous factors merely plaj the role of unleashing (auslosende) agents 
Infectious diseases rank first among these That such exogenous factors, 
infections, overeating and nervous shocks can cause diabetes in the absence 
of biologic insufficienc}, is considered doubtful 

Sulfur AIetaboiism By AIax Kahx and Fridiric G Goodridge Price S9 
Pp 800 Philadelphia Lea Febiger, 1926 

This w'ork IS a compilation of references on sulphur mctaholism rather than 
a review', and this is esscntiallj all that the authors claim for their publication 
This volume is comprehensne in scope The first five chapters are devoted to 
tables and statements concerning the sulphur content of foods, excreta, secre- 
tions, tissues and pigments The next sc\cn chapters arc devoted to data on 
sulphur metabolism in different animals as affected b\ age, various phvsiologic 
states, drugs and diseases The following ten chapters are devoted to more 
detailed discussions and citations on various specific forms of sulphur, such 
as protein sulphur, lipin sulphur, glticosides, ethereal sulphates and other forms 
Brief chapters on hj'drogcn sulphide as related to biologj, on mcrcaptans, on 
sulphur bacteria, sulphur m soil and various svnthetic sulphur derivatives of 
possible biologic interest covei the last 200 pages The concluding chapter 
covers a brief summarj on the methods used for determining total and v'arious 
forms of sulphur in biologic material Naturallv the discussions arc of tjpical 
encyclopedic character, and in no sense is the work critical 

Technique de la reactiox du bi-xjoin colloidal Par Georges Guillain, pro- 
fesseur a la faculte de medecine dc Pans, membre dc L’Academic do Aled- 
ecine, medecin de La Salpetricre ct Guv Laroche, medecin dcs Hospitaux 
de Pans, P Lechelle, medecin des Hopitaux dc Pans Pans Alasson &• 
Cie 

This is a small monograph of thirtv'-four pages, liberallj illustrated with 
curves and four photographic reproductions of reactions It is simply a report 
of the technical experiences of the authors covering a large series of observa- 
tions, the theorv and interpretations of the tests are not covered 

The test is based on principles similar to those on which the Lange gold 
reaction is based, and gives similar results A much larger series of dilutions 
IS used, generally sixteen, and the resulting curves are therefore more com- 
plicated and give promise of being of greater clinical value m the more unusual 
forms of cerebrospinal syphilis The tabetic and paretic curves closely resemble 
the Lange curves 
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LOBAR PNEUMONIA 

A CLINICAL and BACTERIOLOGIC STUDY OF TWO THOUSAND 

TYPED CASES 

RUSSELL L CECIL, MD 
HORACE S BALDWIN, MD 

AND 

NILS P LARSEN, MD 

NEW YORJv 

The biologic classification of pneumococci has been a great stimulus 
to the bactenologic studj^ of pneumonia and to efforts directed toward 
the perfection of an efficient serum treatment for this disease This 
classification is a result of the woik of several investigators, the chief of 
whom are Neufeld ^ and Lister “ abroad, and Dochez and Gillespie ^ 
in this country The differentiation of pneumococci into types is based 
on their capacity to produce specific agglutinins, precipitms and protec- 
tive bodies The investigators at the Rockefeller Institute in their oiig- 
inal studies found that theie weie thiee dominant biologic types of 
pneumococcus, each possessing specific and characteristic immune reac- 
tions In their experience, the organisms of these three types comprised 
about 80 per cent of all strains encountered m patients with pneumonia, 
and represented apparently fixed types of a highly parasitic nature 
These three types have been referred to as types I, II and III In the 
remaining 20 per cent of their patients they found pneumococci which 
they referred to collectively as pneumococcus type IV This group is 
really an assembly of all othei types of pneumococcus, many of them 
just as distinct as types I, II and III At first, it was thought that each 
individual strain of pneumococcus type IV was nnmunologically dis- 
tinct, but Olmstead ^ has shown that certain strains may have common 

*From the Second Medical (Cornell) Division and the Pathological 
Department of Bellevue Hospital This investigation received financial aid from 
the Influenza Fund of the Metropolitan Life Insurance Company 

1 Neufeld, F , and Handel Ueber die Entstehung der Krisis bei der Pneu- 
monic und uber die Wirkung des Pneumokokkenimmunserums, Arb a d k 
Gsndhtsamte 34 166, 1910 

2 Lister, F S Specific Serological Reactions with Pneumococci from 
Different Sources, South African Inst M Research, Pub 2, 1913 

3 Dochez, A R , and Gillespie, L J A Biologic Classification of Pneu- 
mococci by Means of Immunity Reactions, JAMA 61 '727 (Sept 6) 1913 

4 Olmstead, M An Antigenic Classification of the Group IV Pneumococci, 
J Immunol 2 425, 1917 
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cliaiacters, thus proving that theie aie definite subgroups in the type IV 
group of pneumococci The type IV group is sometimes referred to as 
the “waste-basket” gioup, because it contains all pneumococci not 
included in the tliiee fixed types Pneumococci of the type IV group 
are the oiganisnis most fiequently encounteied in the mouth secretions 
of healthy persons 

Dochez and his co-woikers determined the incidence and death rate 
for the four so-called types of pneumococcus, and the more recent 
studies of Avery,® Stillman ® and others have thrown considerable light 
on the epidemiolog}’- of the disease with respect to the various types So 
far as we know, however, little effort has been made to correlate the 
type of pneumococcus with clinical manifestations, complications and 
other features of the disease 

During the past five }eais more than 2,000 patients with lobar 
pneumonia have been admitted to the medical waids of the Bellevue 
Hospital Through the kind cooperation of the directors of the four 
medical services, the cases of all patients with lobar pneumonia admitted 
to the medical waids have been carefully studied from both the bac- 
teriologic and clinical standpoint With possibly a few exceptions, each 
person included in this series of 2,000 patients was seen and examined 
by one of us A complete resume of the history of each patient, including 
pathologic observations in case of autops}", was kept on large filing 
caids On the same caid a complete record of the bacteriologic obser- 
vations, including those made on examination of the sputum, blood 
culture and duiing othei examinations was also recoided 

SELECTION AND DISTRIBUTION OF CASES 

All cases of clinical pneumonia which showed fiank signs of con- 
solidation were included in the senes Practically all of these were lobar 
in type Such cases were counted even though cultures failed to rei eal 
pneumococci A few cases of pneumococcus and sti eplococcus pneu- 
monia were encountered in which the physical signs w^ere not absolutely 
frank, but in which the patient piesented the caidinal symptoms (chill, 
fever, pain in side and cough with lUsty sputum) of lobar pneumonia 
They were, theref oi e, included in the sei les 

Race and Coloi — As Bellevue Hospital is a city institution and 
leceives its patients chiefly from the East Side of New Yoik, it was to 
be expected that all laces and piactically all nationalities voiild be 
represented in this series of cases Such pioved to be the case The 
nationality was mentioned in 980 cases Of these, 40 per cent were born 

5 Dochez, A R , and Avery, O T The Occurrence of Carriers of Disease- 
Producing Types of Pneumococcus, J Exper Med 22 105, 1915 

6 Stillman, EG A Contribution to the Epidemiology of Lobar Pneu- 
monia, J Exper Med 26 651, 1916 
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in the United States and 15 per cent of these were negroes Next in 
frequency were the Irish and Italians, constituting, respectively, 10 and 
5 per cent of the total senes The remaining 45 per cent were divided 
among the vanous nations of Europe, Asia and South America Appar- 
ently no race is immune to pneumonia 

Occnpahon — Of 873 patients, the vocation was mentioned on the 
filing card of 328 Two hundred and twelve of these, or 64 per cent, 
were engaged in outdooi occupations Sailors and day laborers led the 
list and were about equally represented, constituting together more than 
half of the entire outdoor group Ninety per cent of the 209 women 
patients were housewives, and could therefore be classified as indoor 
woikers 


Table 1 — Dtsi> ibutwn by Age 


Decade 

Number ot Cases 

Percentage ( 
Incidence 

Under 20 

131 

71 

20 to 30 

451 

241 

30 to 40 

AST 

260 

40 to 50 

393 

210 

50 to 60 

239 

12 7 

60 and over 

163 

87 



Chart 1 — Monthly incidence of cases of lobar pneumonia m Bellevue Hospital 

Sex — In 1,867 cases of pneumococcus pneumonia, 1,550 (83 1 per 
cent) occurred in men, and 317 (16 9 per cent) in women The inci- 
dence rate of pneumonia has always been higher m men than m women, 
presumably because of their greater exposure to wet and cold The 
greater frequency of alcoholism among men also plays some part 

Age — About one half of the present series of cases occurred in 
patients between 20 and 40 years of age This was to be expected in 
view of the fact that the patients in Bellevue Hospital are largely 
recruited from the laboimg classes The actual incidence percentage for 
each decade is shown in table 1 

Season — ^January, February and March are the pneumonia months 
in New York City The number of patients (1,195) admitted during 
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these thiee months, foi the five 5 eai peiiocl covered by this study, con- 
stituted neaily one half of the entiie senes of cases The number of 
admissions foi ])neumonia foi April was distinctly higher than that 
for Decembei July, August and September showed the low^est incidence 
with a total foi the thiee months of only 253 cases When the incidence 
of pneumonia b} month is plotted (chart 1), theie is seen a steady and 
regulai diop m the cuive from Febiuary to Septembei In October the 
cuive begins to rise slightly, and continues to use gradually thiough the 
autumn and winter until Januaiy, wdien it takes a sharp rise to the maxi- 
mum The actual number of admissions during each month is shown in 
table 2 


Table 2 — Incidence pe> Month 



Cutes 

Percentage of 
Incidence 

Jammrj 

40G 

13 4 

Februnrj 

414 

15 7 

March 

375 

14 2 

April 

311 

11 8 

May 

251 

90 

Tunc 

173 

0 5 

Julj 

m 

35 

August 

SO 

32 

September 

74 

28 

October 

113 

4 2 

Noa ember 

125 

4 7 

December 

205 

7 7 

lot il cases 

2,C2') 



PREDISPOSING FACTORS AND CVbSES 

Etiology — No accurate recoid was available in respect to the part 
actually played by exposure, fatigue and other conditions as predisposing 
etiologic factois It may safely be said, how^ever, that of such factors, 
exposure to cold and w'et w'as the most important and w'as mentioned in 
the history of a considerable numbei of the cases According to the 
histones, pneumonia follow'ed some acute infection of the uppei respira- 
toiy tract in 46 7 pei cent of the cases of pneumococcus infection This 
figure should undoubtedly be higher, as many of the patients weie too 
sick to be questioned caiefully Of 1 002 cases caiefully imestigated 
legarding the coexistence of some constitutional disoider, chronic 
systemic disease, including alcoholism, w^as found to be a piedisposing 
factoi in 32 6 pei cent Alcohol played a rathei small pait as a pre- 
disposing factoi This was piobably due to the fact that many of the 
cases of alcoholic pneumonia weie admitted to the alcoholic w'aids, the 
material from which was not included in this stud} 

Exciting Causes Bactei wlogy — An efioit was made to deteimine the 
type of infection in every case of pneumonia in the series This deter- 
mination was usually made from the sputum In a few’- instances, no 
sputum was available and lecourse wi-as had to pharyngeal sw’abs, blood 
cultures, pleural fluid or postmortem cultures fiom the lungs In certain 
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severe cases, the type of pneumococcus was determined by performing 
precipitin tests on the urine Puncture of the lung was never lesorted to 
m living patients, but was frequently employed after death for the pur- 
pose of making a bactenologic diagnosis, or foi controlling cultures 
previously made from the sputum Fresh sputum for examination was 
collected in sterile bottles or Petri dishes Smeais weie made and 
stained by the Gram method, in some cases by Hiss’ capsule stain In 
all cases m which tuberculosis was suspected a search was made for the 
tubercle bacillus 

The mouse method was used almost exclusively in the bactenologic 
examination of the sputum Agglutination and piecipitation tests weie 
performed with the mouse exudate, and at the same time cultures weie 
made on blood agar plates from both the heart blood and pei itoneum of 
the mouse Whenever the readings from the mouse exudate indicated 
pneumococcus type IV or an atypical pneumococcus type II, colonies 
were fished from the plates, and the pneumococcus was letyped from the 


Table 3 — Baciei lologtc Classification of 2,000 Cases of Lobai Pneumonia 


Bacteria 

Cases 

Pcrcciitate of 
Incidence 

Pneumococcus 

1 m 

9-> 05 

Hemolytic streptococcus 

70 

38 

Fnedlander bacillus 

8 

04 

Influenza bacillus 

1 

0 03 

Staplijlococcus lureus 

2 

01 

Total 

2,000 



broth culture Typings from cultures were also made whenever the 
mouse exudate gave a doubtful reaction In a majority of the fatal 
cases, the bactenologic examination of the sputum was controlled by 
postmortem cultures Failure to make a bactenologic diagnosis was 
due to lack of sputum, absence of pathogenic bacteria m cultures from 
the sputum, or death and removal of the body fiom the hospital before 
cultures could be taken Cases m which a satisfactory bactenologic 
examination could not be made have been excluded from this series 

In table 3, the 2,000 cases included m the present study have been 
classified according to the type of micio-oigamsm isolated In cases of 
mixed infection the pneumococcus has been given prefeience, for exam- 
ple, if the sputum showed both pneumococcus and streptococcus, the case 
has been classified as a pneumococcus pneumonia Cases in which the 
pneumococcus was absent and m which the streptococcus was asso- 
ciated with the influenza bacillus have been classified as streptococcic 
pneumonia 

Of the 2,000 classified cases, 1,913, or 95 65 per cent, showed some 
type of pneumococcus , 3 8 per cent were apparently due to Sft eptococcus 
hemolyhcus It is probable that a large number of the latter group 
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were oiiginally pneumococcus infections, and that the streptococcus, 
acting as a secondary invadei, had entiiely replaced the pneumococcus at 
the time the cultures weie taken Such a transformation in the bacterial 
flora of the sputum was actually demonstiated in more than one instance 
There was one case in which Baalhis uiflnenzae was isolated in pure cul- 
ture fiom the sputum Eight cases were due to Fiiedlander’s bacillus, 
and two cases were apparently caused by Staphylococcus au7eus The 
propriety of considering any case of pneumonia as “lobai” in which no 
pneumococci aie demonstrable is, of course, a question open to much 
debate The remainder of this study will be confined almost entirely to 
the pneumococcic cases 

Table 4 shows the incidence of the various types of pneumococcic 
pneumonia Of a total of 1,913 cases of pneumococcic pneumonia, 644, 
or 33 6 per cent, showed pneumococcus type 1 , 368, oi 191 per cent, 
pneumococcus type II, 268, or 13 3 per cent, pneumococcus type III, 
and 633, oi 33 1 pei cent, pneumococcus type IV When these figures 


Table 4 — Incidence by Type in 1,913 Cases of Pneumococcic Pneumonia 


Type of Pneumococcus 

Cnscs 

Pcrccntnco of 
Incidence 

I 

Oil 

330 

II 

3CS 

IPl 

III 

2CS 

13 3 

IV 

C33 

331 


are compared with those of Dochez and Gillespie, it will be seen that 
the incidence of type IV pneumonia m the piesent senes is higher than 
theirs, while that of type II is distinctly lower The reason for this dis- 
crepancy IS not clear, but can probably be explained on the basis of a 
difference m the chaiacter of patients studied in the two series 

TYPES or PNEUMOCOCCUS 

Yeaily Variations m Incidence — ^The incidence of the foui types of 
pneumococcus undoubtedly varies within certain limits from year to 
year In the present series, foi example, the late of incidence for pneu- 
mococcus type I pneumonia was 45 2 per cent during the season of 
1920-1921, while foi 1922-1923, type I pneumococcus was the cause of 
only 21 per cent of the cases The incidence by type for each of the five 
years covered by this study is shown in table 5 

The incidence of types II and III showed compaiatively small varia- 
tions during the five yeais of obseivation During epidemics of influ- 
enza theie is always a marked inciease in the incidence of pneumococcus 
type IV pneumonia This is doubtless due to the fact that postinfluenzal 
pneumonia is essentially a secondary infection VHiile the primary infec- 
tion with the influenza vn us comes from without, the secondary infection 
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IS piobably autogenous , that is, it is leferable to one of the comparatively 
aviiLilent strains of pneumococcus type IV which so many healthy pei- 
sons cairy in then own. buccal cavities 

Theie is appaiently no relation between season and the incidence of 
the vaiious types of pneumococcic pneumonia All types occuiied in 


TARin 5 — Vattalion of Ycmly Incidence m Pneumococcus Pneumonia 


Period 

Tjpo 

Cases 

Percentage of 
Incidence 

1020-1021 

T 

166 

45 2 


IT 

OS 

15 9 


III 

D4 

14 5 


n 

SO 

23 5 


Total 

377 


1021-1022 

r 

ISO 

33 7 


II 

97 

181 


III 

83 

15 7 


IV 

174 

325 


Total 

D34 



I 

07 

21 0 


II 

00 

20 0 


III 

55 

17 2 


IV 

131 

410 


Total 

319 


1023-1021 

I 

85 

30 9 


II 

DD 

20 0 


III 

44 

16 0 


IV 

01 

33 0 


lotal 

275 


1021-102,'. 

I 

140 

35 7 


II 

S2 

20 0 


III 

32 

79 


U 

148 

30 2 


Total 

40S 



Tabli: 6 — Incidence of Types m Relation to Age 


rroin 10 to 20 Under 30 Under 10 Under DO Over DO Over 60 
Ycirs Icnrs Years lenrs Years Years 

I. ^ , , A_ ' * , , A , , » — _ 


TA pe of 

'■ 

Per' 

, A. 

Per 

' 

Per 

, ^ 

Per' 

, ^ 

\ 

Por 

. ^ 

Per 

Pnouniococous 

Oases 

Cent 

Cases 

Cent 

Cases 

Cent 

Cases 

Cent 

Oases 

Cent 

Oases 

Cent 

1 

50 

15 5 

210 

42 0 

323 

332 

535 

30 5 

92 

22 8 

32 

20 0 

11 

10 

11 0 

105 

17 9 

100 

20 2 

280 

12 2 

82 

23 9 

22 

13 7 

111 

8 

5 9 

11 

70 

103 

10 6 

100 

11 3 

97 

24 1 

54 

33 7 

IV 

51 

38 0 

103 

32 9 

318 

330 

481 

32 0 

131 

32 0 

55 

341 


131 

71 

a 

31 3 

970 

51 9 

1,105 

78 4 

402 

21 5 

103 

85 


both wintci and summei Stieptococcic pneumonia, like pneumonia 
caused by pneumococcus type IV, is usually a secondary infection, and is, 
for the most pait, a wmtei and spiing infection 


RELATION OF TYPES TO AGE 

In table 6 some inteiesting facts aie hi ought out concerning the 
1 elation of age to the incidence of the foui types of pneumococcic 
pneumonia 
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According to these figures, young people are particularly prone to 
pneumococcus type I pneumonia, while the elderly aie especially suscep- 
tible to pneumococcus type III pneumonia Type I infections are 
extremely common in the second decade, constituting 45 5 pei cent of all 
pneumococcic infections occurimg in patients between 10 and 20 years 
of age In patients under 30, 42 pei cent show type I infections As 
each succeeding decade is added, the incidence of type I falls, and when 
the plus sixty gioup is reached, pneumococcus type I infections consti- 
tute only 20 per cent of the entiie senes Just the reverse happens with 
pneumococcus type III Between the ages oi 10 and 20, type III infec- 
tions comprise only 5 9 per cent ot the series With each succeeding 
decade, however, the incidence incie<ises, and in the sixty plus group, 
pneumococcus type III pneumonia constitutes 33 7 per cent of pneu- 
mococcic pneumonias occurring at this peiiod of life In contrast to these 
two groups, type II and type IV show no special piedilection for any 
age group The incidence of type IV for the various peiiods of life is 
remarkably constant (32 6 to 38 per cent) 


Tahii 7 — Incidence of 1 ype<; tn Rclalion lo Sex 



Totnl Jlcn 

Total Women 

Type of Pneumococcus 

C iscs 

Per Cent ' 

Oases 

Per Cent 

I 

*i4") 

351 

82 

25 8 

II 

^2 

202 

50 

15 7 

III 

1»1 

12 5 

CO 

21 8 

IV 

490 

32 2 

lie 

30 6 

lotal 

l.SW 


317 


INCIDENCE or TYPES IN 

RELATION TO 

1 SEX 


Women constituted only 

16 9 per 

cent of all the 

cases 

of pneumo 

coccic pneumonias that were 

studied 

Table 7 shows the i 

elative incr 

dence of the various types in 

men and 

in women 




According to these figures, pneumococcus type I is relatively much 
commoner in men than in women (35 1 pei cent against 25 8 per cent) 
The same is tiue, but to a less extent, of type II Type III, on the other 
hand, is almost twice as common in women as in men, and ti^pe IV 
shows a slight prefeience foi the women (36 6 m women and 32 2 in 
men) 

Incidence of Type in Relation to Age and Sc\ — When the two fac- 
ors of age and sex are combined in one table (table 8), their effect on 
the incidence of the various types is stiikmgly displayed Foi example, 
type I IS three times as common in men under 50 as in women ovei 50 
(37 8 vs 12 per cent) Type II shows a similar but less striking diver- 
gence (19 3 vs 8 3 per cent) On the other hand, type III is nearly 
four times as common m women over 50 as in men under 50 (36 1 vs 
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10 1 pel cent), and type IV is commoner in elderly women than in 
Aoiing men Summaiizing, 571 per cent of the cases of lobar pneu- 
monia 111 men under 50 were either type I or type II , 77 7 per cent of 
the cases of lobar pneumonia in women over 50 were type III or type IV 

MIXED INFECTIONS 

A mixed bacterial flora is not uncommon m pneumonic sputum 
The idea is prevalent that mixed infections are associated with broncho- 
pneumonia, usual!} of the influenzal type, and it is true that most cases 
of bronchopneumonia showed a mixed bacterial flora In lobar pneu- 
monia, lioveAer, it is not unusual to find the pneumococcus associated in 
the sputum w ith some other pathogenic organism In table 9 the number 
of pure and mixed infections occurring with each type are compared 
These obser\ations are based almost entirely on bacteriologic examina- 
tions of sputum 

Table 8 — Incidence of Types in Relation to Sex and Age 


Tj pc ol 
Pneumo 

■Men LnUcr "0 
Icnrs 

A 

n omen Under 50 
Icar^ 

Men Oi er 30 
Years 

Women 0\er 30 
Years 

_ .JL . 


— — ^ 

f 

V 

/- 




COCCU' 

Cnses Percent 

Cases 

Per Cent 

Cases 

Per Cent 

Cases 

Per Cent 

I 

■102 

37 S 

73 

297 

83 

251 

9 

12 0 

IT 

220 

10 3 

41 

17 9 

70 

230 

6 

83 

111 

121 

101 

42 

171 

70 

212 

27 

361 

IV 


32 5 

SO 

351 

101 

3C0 

30 

41 6 

Totnl 

1 220 


213 


330 


72 



Table 9 — Incidence of Mixed Floia in 1,913 Cases of Pneumococcus Pneumonia 

in Relation to Types 


Tji>c of Pnciimococtus 

Total 

Mixed 

Percentage of 
Mixed 

I 

<114 

119 

18 4 

II 

3<» 

87 

236 

III 

208 

04 

23 9 

I\ 

033 

199 

312 


1,913 

409 

24 5 


The percentage of mixed infections varies for the types, being lowest 
in t}pe I cases (18 4 per cent) and highest in the type IV group (31 2 
per cent) 

Mixed infections are commoner some years than others For 
example, the incidence of mixed infections showed a much higher late 
in the winter of 1921-1922 than in 1920-1921, possibly on account of 
the influenza epidemic that appeared m January and February of 1922 
The figures are shown in table 10 The incidence of mixed infection was 
more than four times as common m 1921-1922 as in 1920-1921 

In table 11 the mixed infections are classified according to the bac- 
teria isolated 
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By far the commonest mixed floia was that of pneumococcus and 
the influenza bacillus Altogethei, theie weie 330 cases of pneumococcic 
pneumonia that also showed influenza bacilli in the sputum (17 4 per 
cent) Next in fiequency was the combination of pneumococcus with 
Sti eptococcHS liemolyhcus The isolation of two different types of 
pneumococcus fiom the same case was an interesting bacteriologic 
observation In some instances they weie isolated fiom the same speci- 
men of sputum, in others, fiom different specimens When they 
occurred in the same specimen, one was piobably an accidental obser- 
vation When in separate specimens, the possibility of a superinfection 
had to be consideied 

Tablc 10 — Incidence of Infection Accoiding to Seasons 


Senson of 1920-1921 Scnson of 1921-1922 

- 


Type of Pneumococcus 

Pure 

Ml’ccd 

Percent ape 
of Ml\cd 

Pure 

Mi'^cd 

Percentage 
of Mixed 

I 

137 

IG 

10 4 

80 

S2 

4SS 

11 

5S 

S 

12 1 

37 

55 

59 7 

III 

41 

4 

S3 

39 

37 

4SG 

IV 

GS 

12 

15 0 

74 

60 

fllG 

Total 

307 

40 

11 5 

230 

203 

52 7 


Table 11 — Bacieua Found in Mixed Infections 


Pneumococcus and Bacillus influenzae 
Pneumococcus and Streptococcus hcmoljticus 
PneumococcuS) Bacillus influenzae and Streptococcus licmob ticus 
Pneumococcus, Bacillus influenzae and nonliomolytlc streptococcus 
Pneumococcus type I and pneumococcus type Ilf 
Pneumococcus type I and pneumococcus type IV 
Pneumococcus typo III and pneumococcus type IV 
Pneumococcus and tubercle bacillus 
Pneumococcus and Priedlander’s bacillus 


3S0 

82 

2S 

I 

1 

4 

7 

4 

9 


Total 


470 


One of the most smpiising observations in this connection was the 
comparatively low incidence of active pulmonaiy tuberculosis in associa- 
tion with lobar pneumonia This is consistent with the experience at 
Saranac Lake and other sanatoriums f oi the tubei culous, m which lobar 
pneumonia is raiely encountered among the tuberculous patients 
Bronchopneumonia is, of couise, often seen as a terminal infection 
in tuberculosis, but foi some leason, frank lobar consolidations are 
infrequent 

The combination of sti eptococcus with the influenza bacillus is a 
common observation in bronchopneumonia, pai ticulai !)’■ the postinfluenzal 
tyP^j IS rarely seen in frank lobai pneumonia SU eptococcus lieino- 
lyftcus IS piobably capable of setting up a tiue lobar consolidation, 
though it rarely does so It is extremely doubtful whether the influenza 
bacillus ever pioduces a lobar type of infection Pneumococcus was 





CECIL-BALD WIN-LARSEN— LOBAR PNE U MON I A 


263 


found with both the SU eptococcus hcmolyhcus and the influenza bacillus 
111 twenty-eight cases In nine cases the pneumococcus occurred in 
association with Friedlander’s bacillus In the latter group, the question 
aiises whether these were genuine mixed infections, or whether the 
Friedlandei bacillus was a purely accidental observation Indeed, the 
same question comes up with all the so-called mixed infections 
(pneumococcus plus tubeicle bacillus excepted) Undoubtedly, SU epto- 
coccus hcmolyticus pla 3 fs an important part as secondary invader in many 
cases, but the evidence for Pfeiffer’s bacillus is not convincing In 
respect to death rate and complications, it has been found that the 
presence of influenza bacilli m the sputum of patients with pneumococcic 
pneumonia has little effect on either the mortality rate or the incidence of 
complications 

PRIMARY AND SECONDARY LOBAR PNEUMONIA 

Bactc) lology — Lobar pneumonia as regards onset can be divided into 
two large groups — primary pneumonia and pneumonia secondary to 
some infection of the uppei respiratory tract In making this differ- 


Table 12 — Rclatton of Types to Ptimaiy and Sccondaiy Pneumonia 


Tvpo of 

Totnl 

Primary 

Percentage 

Secondary 

Percentage 

Pneiiinocoecus 

Cases 

Cases 

Primary 

Cases 

Secondary 

I 

C27 

401 

C39 

226 

36 0 

II 

310 

173 

53 7 

137 

44 2 

III 

lOO 

92 

44 0 

117 

55 9 

IV 

SOS 

214 

421 

294 

58 8 

Totnl 

1,CS1 

880 

532 

774 

46 7 


entiation only those cases could be counted in which a coherent history 
was obtainable from the patient or from his family Even under these 
conditions, the figures aie onh" approximately coriect Patients of low 
intelligence are often hazy on the subject of coryza and sore throats, 
and these two conditions are the commonest piedisposing infections 
Other patients gave a histoiy of a preceding influenza, bronchitis, tonsil- 
litis, otitis media, asthma oi pulmonary tuberculosis 

According to table 12, 46 7 pei cent of the cases of pneumonia were 
secondary to some pieceding lespiratory infection This figure is 
probably much too low, but we doubt whether moie than 70 per cent, 
at most, of all cases of lobar pneumonia aie secondaiy infections If 
it IS assumed that the peicentage of eiror was about the same for the 
different gioups, interesting variations aie observed The incidence 
of secondary pneumonia is lowest in the pneumococcus type 1 group 
(36 per cent), and increases with each group until m group IV 58 8 per 
cent of the cases are secondary It was to be expected that secondary 
pneumonia would occur more fiequently in the type III and type IV 
gioups than in the t}pe I and type II gioups, as the former are not 
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uncommonly found as inhabitants of the normal mouth Pneumococcus 
type I and type II aie almost never encounteied in the healthy mouth 

Mixed Infections — If the finding of two diflfeient species of bacteria 
in the sputum of a patient with pneumonia really means a double infec- 
tion, one would perhaps expect to find the incidence of mixed infections 
higher in pneumonia secondary to some respiratory infection than in 
primary pneumonia Such, howevei, does not prove to be the case, as 
IS shown m table 13 

In the primaiy infections 29 8 pei cent of the pneumococcic cases 
showed a mixed flora, while m the cases of secondaiy pneumonia 
27 1 per cent presented more than one species of pathogenic micro- 
organism 


Tablf 13 — Mixed Flat a in Pnutai\ and tn Secondary Pneumonia 




Priniarj 


Secondary 

Type of Pneumococcus 

/ 

Tot il 

Mixed 

Percent ngc 
of Mixed 

t 

lotnl 

Mixed 

Percentage' 
of Mixed 

I 

101 

74 

IS 4 

o2'i 

4 j 

10 0 

II 

173 

40 

2S3 

137 

38 

278 

III 

02 

3S 

41 3 

117 

20 

220 

IV 

214 

06 

44 8 

201 

101 

31 3 


8S0 

257 

208 

774 

210 

271 


Table 14 - 

—Incidence of Systemic Dticasc by Type 


Type 

Cases 

Systemic Disease 

Percentage of 
Incidence 

I 

208 

Cl 

204 

II 

203 

07 

330 

III 

131 

S3 

033 

IV 

!70 

lie 

31 3 

Total 

1 002 

327 

320 


LOBAR PNEUMONIA IN PATIENTS WITH CHRONIC 
SYSTEMIC DISEASE 

In patients suffeiing from some chronic constitutional disease, lobai 
pneumonia may occur as a primary infection oi secondary to some pre- 
ceding respiratory disease A few of these cases of pneumonia are 
embolic m origin and develop fiom septic infarcts The majoritv are 
bronchogenic infections, the sequelae of diminished vitality and 
resistance 

Incidence of Systemic Disease in Association xvitJi the Vauons Types 
of Pneumococcus — Table 14 shows the incidence of systemic disease 
m association with each type Thirty-two and six tenths per cent of this 
senes occurred in patients with systemic disease Stiangeh enough, 
the incidence of systemic disease was strikingly highei m the type III 
group than m any of the other groups, being three times as high as it 
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was in the t}pe I gioup It has alieady been shown that elderly people 
are particulaily susceptible to t}pe III pneumonia Whether the fre- 
queue}’’ of systemic disease m the elderly is responsible for this suscepti- 
bilit} is not known, but the figures piesented m the foregoing suggest 
such an explanation Type III pneumonia is extremely common in 
institutions foi the insane 

CHARACTERISTICS OE DISEASE 

Symptomatology — statistical stud} of the symptoms of pneumonia 
as seen m a city hospital is subject to erior by leason of the fact that 
patients aie admitted at all stages of the disease This handicap can 
be o\ercome m part by the taking of caieful histones, but even then 
the Ignorance of some patients, the inability of others to speak English, 
the presence of delirium, coma and other factors interfere with the 
collection of accurate data on the subjective symptoms of the disease 
Day of Admission — A comparatively small number of patients with 
lobar pneumonia are admitted to Bellevue Hospital during the first 
forty-eight hours of the disease (from 15 to 20 per cent) The largest 
numbei of patients come in on the third and fourth days of their 
infection 

Chaiactci of Onset — The onset of lobar pneumonia is one of the 
most charactei istic features of the disease In a large majority of cases 
a diagnosis of pneumonia can be made from a history of the onset 
alone As previously pointed out, it may or may not follow an infectioh 
of the uppei lespiratory tract, but m either case, the one quality which 
distinguishes the onset of pneumonia is its suddenness There are 
exceptions, of course, in wduch the S}mptoms come on gradually, but 
in the great majority of cases, the onset of lobar pneumonia is strikingly 
sudden The five cardinal symptoms are chill, fevei, pain m the side, 
cough and expectoration of lusty sputum Of these the chill is usually 
the first to appear, the pain in the side coming shortly aftei Neither 
the chill nor the pain m the side is piesent in every case Fever is present 
in practically 100 pei cent of the cases, though some old people show only 
a slight elevation of temperature Cough is present in more than 
90 per cent of the cases, but is not always accompanied by rusty 
sputum In lespect to the othei cardinal symptoms, it is interesting to 
observe how their incidence varied with different types (figures based 
on the first 1,000 cases of the series) 

Pam in the side w’as mentioned as a symptom m more than 80 per 
cent of all cases falling in the three fixed groups The incidence of pain 
was distinctly lower in the type IV series (approximately 60 per cent) 
The chill occuried most frequently m cases of pneumococcus type I 
(70 per cent), and least frequentlv m cases of pneumococcus type IV 
(55 per cent) These figures do not include “chilly sensations ” 
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Rusty sputum is one of the most impoitant signs of lobar pneumonia, 
not only from the diagnostic, but also from the prognostic standpoint 
Its presence is almost pathognomonic, and as long as it persists, one can 
usually assume that the process in the lungs is still active Bloody or 
lusty sputum means engorgement oi red hepatization, and as these 
symptoms represent the eailier stages of infection, it may be safely 
assumed that blood m the expectoration means an actively extending 
process Purulent sputum is usually an expiession of gray hepatization 
or resolution, the lattei stages of the infection The disappearance of 
rusty sputum is therefore a good omen, if complications can be 
excluded Rusty sputum Avas mentioned m the history or laboratory 
notes of from 55 to 60 per cent of all the cases m the first three groups 
— about the same propoition in each group It was reported in only 
40 per cent of the type IV cases These figures certainly should be 
higher foi all t3^pes, but the percentage of error is probably about the 


Table IS — Lobes Involved in 1,S96 Cases of Pucuntoeoeeus Pneumonia 



Eight 

Right 

Right 

Left 

Loft 

'Ts\o 

Right 

Te\0 

left 

'riirco 

Right 

Right 

Lower 

Left 

Third 

Four 

Type 

Loiier 

Middle 

Upper 

lyOMCr 

Upper 

I ow cr 

Loiecr 

Lower 

Lower 

Lobes 

Lobes 

I 

13S 

9 

SO 

174 

18 

50 

27 

44 

88 

33 

C 

11 

82 

4 

29 

85 

14 

37 

10 

12 

51 

21 

8 

III 

70 

4 

11 

CO 

11 

20 

IS 

0 

50 

G 

3 

IV 

150 

11 

41 

ISO 

25 

38 

20 

10 

107 

22 

12 

Total 

440 

28 

117 

503 

CS 

131 

93 

72 

308 

82 

29 


same m each gioup Apparently the incidence of rusty sputum is 
approximately the same foi the three fixed types, with a distinctly lower 
incidence in the type IV group 

It IS haidly necessaiy, in an investigation of this kind, to enter into 
a detailed study of the various othei symptoms which weie obseived 
There are certain S)anptoms whose presence is largely dependent on the 
severity of the infection, such as djspnea, cyanosis, weakness, delirium 
Headache and general musculai aching rarely occur with lobar pneu- 
monia, but aie more fiequently seen m the influenzal type of pneumonia 
Nausea and vomiting are fairly common symptoms and may be due 
to several causes toxemia, anoxemia, digitalization oi possibly impropei 
diet 

Lobes Involved In the studies of lobai pneumonia conducted by 
previous investigators, the light lower lobe has been found to be involved 
more frequently than any other In table 15 is shoAvn the lobes iiwolved 
in the present study 

The left lower lobe was involved more fiequently than any othei in 
the infections of a single lobe (505 cases), the right lower lobe coming 
second (440 cases) The right side, however, was involved moie fie- 
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qiiently than the left side (1,119 to 974 cases) By far the commonest 
of the two-lobe infections was the combination of right and left lower 
lobes (308 cases) 

The type of infectious agent appears to bear no relation to the lobe 
or to the extent of the infection Three and four lobe infections were 
lelatively about as frequent m the milder types (types I and IV) as in 
the se^ele types (types II and III of pneumonia) 

Pleuritic friction mbs Avere frequently noted, usually early in the 
disease and in all t 3 'pes We have no reliable figures for the relative 
incidence of heipes, flushed cheeks, jaundice, cardiac enlargement and 
other well recognized physical observations in lobar pneumonia 

Leukocytes in Lohai Pneumonia — In almost two thirds of our cases, 
one or more blood counts were taken duimg the active stage of the 
disease A “composite” leukocyte count based on the counts of patients 
that received no specific treatment shows an initial rise on the first day, 
areraging about 20,000 leukocytes On the second day the count is 


Table 16 — Results of Blood CuUuies m 329 Cases of Pneuvwcoccic Pneumoma 


Tvpe ol Pneumococcus 

Number 

Cultured 

Number 

Positive 

Percentage 

I 

125 

S3 

20 4 

n 

75 

31 

89 7 

III 

30 

10 

277 

iv 

90 

15 

16 b 


■ ■ 

■ 

- Ill 1 

Totnl 

320 

S9 

24 0 


higher, and on the third day the peak is usually leached After the 
third da) , the counts are lower but still considerably above normal In 
a monkey with experimental pneumococcic pneumonia, the peak is 
often reached on the second day of the disease, and the same may 
happen in the case of man 

In fatal cases with septicemia the leukocyte count in both monkey 
and man is usually below normal, especially toward the end, unless a 
complication is present, in which case theie may be a secondary rise in 
the cuive 

Pneumococcic Bacteiemia — Blood cultuies were taken in 329 cases 
111 this senes 

Tcchmc — In most cases fiom 1 to 5 cc of blood was drawn directly 
into plain broth One cubic centimeter was plated out m agar in order 
that the numbei of colonies per cubic centimeter of blood could be 
determined 

Of the 329 cases m which cultuies weie taken, eighty-nine, or 
24 per cent, showed some type of pneumococcus in the blood The 
incidence of septicemia was much higher (34 5 per cent) m 107 cases 
in which cultures were taken lepeatedly duiing the course of the disease 
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(table 25) As might have lieen expected, the incidence of septicemia 
was higher in the seveie types (II and III) than in the mild types 
(I and IV) Type II pneumonia is essentially the pneumonia of 
septicemia, yielding positive blood cultures moie than twice as frequently 
as type IV infections 

Uiinalysis and Rocntgcn-Ray Exaniinatton — Piactically every case 
showed albumin with or without casts at some stage of the disease 
In only a small peicentage of the cases studied in this series weie the 
patients examined by roentgen ray The number was too small for 
analysis 


COURSE or DISEASE 

No striking features in the clinical course could be demonstrated as 
characteristic of the various types of pneumonia The temperature is 
more apt to be irregular in tjjie IV pneumonia than in the three fixed 

Table 17 — Diiiatioit of Dtsiasc tn buhcatcd Patients JVho Recovered 


Tjpe 

Ca'C-s 

A^crafccSiO ofDajs 

1 

2C( 

SS 

II 

117 

SO 

nr 

r. 

£)I 

IX 

2IC 

87 

lotlll 

O’ 

"si 


Table 18 — Incidence of Crisis and Lvsi^ in Untteated Patients 


Tjpe of Pncuniococtus 

Total Cascb 

Crisis 

Ljsis 

Percentage 
With Crisis 

I 

285 

lie 

112 

50 6 

ir 

122 

ta 

Cl 

500 

III 

S!> 


51 

393 

IV 

2J& 

113 

l«>o 

45 j 



■ 

- 

- 


714 

355 

SG2 



types of infection, in which a high and fairly lex cl plateau is the general 
rule However, there are numerous exceptions in all gioups 

Diaatton of Disease — It xxas interesting to compare the duiation of 
pneumonia (as measured by fever) foi the x^arious t}pes Table 17 
shows the average duiation for each tjpe, dating from the day of chill 
or pain in the side to the first dax of a rectal temperature of 100 F or 
less The figuies aie based on a series of 692 consecutwe cases, in none 
of xvhich the patient xvas tieated xvith seium Cases in xxdnch compli- 
cations developed hax^e been excluded 

Pneumococcus type III pneumonia inns a somexvhat longer course 
than the other types This characteristic xxas even more strikingly 
evident in oui studies of experimental pneumonia in monkeys 

Mode of Tetmmahon — Lobar pneumonia tei inmates by eithei crisis 
or lysis Table 18 shoxvs the incidence of ci isis and lysis for each type 
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in 717 cases of pneumonia in which the patient leceived no specific 
treatment 

Crisis occuiied most iiequently in type I infections (56 6 per cent) 
The incidence of ciisis m type III was much lower, only 39 3 per cent 
Types II and IV occupied intermediate positions 

DEATH RATE 

The death rate m pneumonia is dependent on a great many factors 
A number of these factors will be consideied with special reference 
to the influence of pneumococcus type 

Effect of Season on Death Rate — Before analyzing the effect of the 
pneumococcic Upe on the death late of pneumonia, it may be worth 
nhile to show how the mortality rate m pneumonia is affected by 
season 


Table 19 — Pci ceutage Moitality by Month 


ifontli 

Cases 


Died 


Percentage Fatal 

Janunrj 

40G 1 

1 

152 1 


37 4 1 

1 

Februnrj 

414 

1,195 

160 

■ 421 

386 

35 2 

Mnrcli 

375 I 

1 

109 J 


29 0 J 

I 

April 

3U 


90 


289 


Maj 

254 


61 


240 


June 

171 


33 


19 0 


July 

93 1 


2(5 1 


27 9 1 

1 

Autrust 

8G ' 

233 

18 

• 69 

20 9 ' 

1- 27 2 

September 

74 J 


25 J 


33 7 J 


October 

113 


43 


380 


Xovembor 

125 


40 


32 0 


December 

205 


68 


331 


Total 

2(520 


825 


317 



In table 19, the incidence of pneumonia by month, with the number 
of deaths, is indicated foi a peiiod covering about five years In tins 
table, It Mill be seen that theie is a considerable diffeience m the death 
rate between the group of cases which occurred during the season that 
pneumonia w^as most pievalent (January, Februaiy and March) and 
the group of cases that occuired duimg the season that it was least 
pievalent (Jul}, August and Septembei ) In the former group of 
1,195 cases, the death rate w^as 35 2 per cent, whereas, m the latter 
gioup of 253 cases, the death late w^as only 27 2 per cent, 8 per cent 
less than that for the wnntei months Pneumonia, therefore, is not only 
more frequent in the wnntei, but appears to be more serious also This 
may be due to several f actoi s, such as increased vn ulence of the organism 
01 low'ei lesistance of the patient 

Vatiation tn Moitality by Yeai — In the Bellevue Hospital, the death 
rate foi pneumonia has showm consideiable variation fiom year to year 
For instance, in the season of 1920-1921 the death late w^as only 
24 6 pel cent, wheieas, in the season of 1923-1924, the death rate was 
34 9 per cent, an mciease of 10 per cent Tins variation in death rate 
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from year to year does not appeal to be dependent entirely on variations 
in the incidence of types So inaity factors enter into the problem 
that It vould be dangeioiis to say which of them exeicises the dominant 
influence in determining the death rate for any particulai season 

Death Rate Accoidwg to Type — Table 21 shows the death rate for 
the \aiioiis types As each group consists of a hundred or more 


Tabu 20 — Fanalwns in Yearly Mortality Rales 


Period 

Tipo 

Patients Died 

Percentage of 
IHortalltj 

loao-nei 

I 

n 

204 


II 

29 

294 


III 

19 

33 2 


IV 

20 

224 


a otnl 


21 0 

IMl-lDiS: 

1 

"I 

171 


II 

SS 

393 


III 

30 

43 3 


11 

33 

IS 9 


Total 

13S 

238 

1022-1923 

1 

8 

119 


II 

20 

398 


III 

*v> 

40 0 


11 

3{ 

231 


lotnl 

80 

279 

1923-1921 

T 

17 

200 


II 

2S 

509 


III 

20 

43 4 


n 

'1 

31 0 


'iotal 

90 

319 

1921-1923 

I 

32 

219 


If 

SI 

41 4 


III 

17 

331 


IV 

15 

o0 4 


'I otnl 

12S 

31 3 


Table 21 — Death Rate Accoidiug to 1 ype in 

Pncutnococctc Pneumonia 


(>o Specific Treatment) 


Per Cent 

Tjpe of Pnoumococens 

Cases 

Died 

I 

T.2 

73 

207 

II 


93 

42 0 

III 

101 

07 

410 

IV 

373 

1P9 

20 2 


1 107 

312 

30 S 


cases, these figures should he lehable Only those patients have been 
included in this table who received no specific theiapy 

The death rate foi type I pneumonia, even when no serum is given, 
IS lower than that of any of the othei types No doubt this low figure 
(20 7 pei cent) is due m laige measure to the fact, previously brought 
out, that type I pneumonia is the pneumonia of young people Tins 
figure IS consideiably lowei than that given by Cole" for type I pneu- 
monia (not treated with serum) at the Rockefeller Institute 


7 Cole, R Nelson’s Loose-Leaf Living jNfedicine 1 203, 1920 
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The death rate for 221 cases of pneumococcus type II pneumonia in 
oui senes uas 42 per cent, in other words, it proved to be the most 
virulent of the f oui t} pes Oui figure is much highei than that of 
Cole, whose senes of cases of type II pneumonia showed a death rate 
of onl}’’ 29 5 per cent Aftei extensive experience with type II pneu- 
monia, we have come to look on it at Bellevue as the most serious form 
of pneumonia with which we have to deal, and the reason for this is 
that nearly half of the patients develop a pneumococcic bacteremia 
Even allou ing for the fact that pneumonia at Bellevue Hospital shows a 
somewhat higher death rate than that observed in other hospitals, it is 
probable that Cole’s figure of 29 5 pei cent is too low 

T. he death late for 161 cases of pneumococcus type III pneumonia in 
our senes was 41 6 per cent, almost identical with that observed in the 
Rockefeller senes (44 3 per cent) As we have pointed out previously, 
it appears that the high death late iii pneumococcus type III is largely 
dependent on the fact that type III pneumonia is essentially the pneu- 
monia of elder!}’’ people Type III pneumonia in the young is not pai- 
ticularl} seieie 

The death rate foi 373 cases of pneumococcus type IV pneumonia 
uas 29 2 per cent T}pe IV pneumonia, like t>pe III, is not necessaiily 
a Mrulent infection The death late for type IV pneumonia in the 
Rockefeller scries uas only 13 2 pei cent The number of cases, how- 
e\ er, on u Inch this figure is based is not mentioned The death rate in 
type IV pneumonia, as in other types, will depend in large part on the 
kind of patients vith which one is dealing, but in our experience, the 
prognosis in type IV pneumonia is not so good as it has been leported 
to be, largel} because it is the type of pneumonia most frequently seen 
aftci influenza and also as a complication of various chronic systemic 
diseases 

The death late for the entiie senes of 1,107 cases of pneumococcic 
pneumonia in uhich the patient leceived no specific treatment was 
30 8 pel cent, a figuie which conesponds rather closely to the usual 
death rate foi lobai pneumonia in city hospitals everywhere 

From these inoitahty figuies, it is evident that types I and IV are 
the mild forms of pneumonia, while types II and III are almost twice 
as virulent In spite of these diffeiences, however, there are more 
deaths from type I and type IV pneumonia than there are fiom the 
type II and III infections, because the mild forms are of so much 
commoner occurrence 

Mojtahty in Relation to Age and Type — The importance of age 
in the prognosis of pneumonia has long been recognized In table 22 
the relation of age to mortality in the vaiious types of pneumonia is 
clearly brought out 
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It will be obseivecl that m patients nncler 40 years of age, type III 
pneumonia is a comparatively mild infection, showing a death rate 
actually lowci than some of the othei types Aftei 40, the death rate 
for type III becomes high, no highei, ho\\e\ei, than that for type II 
cases in the same age gioup All four of the types show a steadily 
increasing death rate for each decade This increase m the death rate 
for each decade is well shown in the total number of cases for each age 
group Starting with a moitalit} late of 11 1 per cent for patients 
under 20, it increases steadih with each decade until, in the group of 
patients over 60 years of age, it has i cached a figure of 52 7 per cent 


Tarif 22 — Moilahlx tu Relation to 'loo and Tvpc 



liiKkr 20 

20 to ■« 

JO to 10 

40 to 'lO 

'.0 to CO 

Over CO 


■i enr« 

1 enr-j 

Icnr, 

Icars 

Icnrs 

Icars 














lipt of 


Tor 


Per 


IVr 


Pir 


Per 


Per 

Pnciirno 


CPtitnpc 


cent II RC 


ccntnf,c 


contiiRP 


contnRC 


cent a to 

COCCUS 

Cn^c- 

Tiitnl 

Cn'cs 

Pat 111 

Cnec.- 

ratal 

Oii'-p': I at III 

Cnecs 

Fatal 

Cases 

Fatal 

I 


84 

187 

10 0 

170 

17 8 

no 

21 0 

CO 

200 

32 

312 

n 

10 

18 7 

80 

17 0 

01 

{8 4 

M 

*' I 

CO 

too 

OO 

C36 

in 

8 

12 '■ 

a 

r, 1 

02 

20 0 

(TJ 

44 4 

12 

00 7 

'.4 

392 

IV 

■)1 

1 i 0 

H2 

HO 

I'm 

2 

IJC 

4 

7C 

381 

55 

545 



11 1 

431 

10'. 

187 

21 2 


>t s 

230 

4i7 

1C3 

52 7 


Tahle 23 

— Incidence of Positive Blood Cultincs 

Outcome 

in Relation to 7 vpc and 



Pntlints 'Hint Hoco\<reil 

I’atlents 'Hint Died 



Poslti\p Percentate 

Posithc Pcrceniagc 

Tjpe of Pnoiiiiiocoeciis 

Cases Ulood Ciilturt Positi\o 

Cases Klooil Culture Positive 

I 


87 9 10 3 

JS 21 G31 

II 


JO 3 7 0 

'0 2S 77 7 

III 


17 2 11 1 

10 8 42 1 

IV 


W 1 1 3 

20 11 33 8 



207 15 7 2 

no 74 02.1 


Relation of Septicemia to Death Rate — Septicemia has a pronounced 
affect on the prognosis in pneumonia In table 23 the incidence of 
septicemia m relation to outcome is indicated foi the various types 
The figures m this table include all cases in which one or more blood 
cultures weie taken during the course of the disease 

In 207 patients that recovered, bacteremia was demonstrated in only 
7 2 pel cent In the sixty-four patients with t}pe IV pneumonia that 
lecovered, only one showed a positive blood cultuie 

In contrast to these figures, 119 patients that died showed pneumo- 
coccus bacteremia m 62 1 per cent In each of the four types the 
incidence of bacteremia was many times higher in the fatal cases than 
in those in which the patient recovered 
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In table 24, the same fact is b: ought out in a slightly different way 

The death rate in cases that did not show septicemia is compaied with 
che death late m cases that showed septicemia Here, again, a striking 
diffeience is noted Two hundied and forty patients whose blood 
remained steiile showed a death late of only 18 7 per cent On the 
othei hand, eighty-nme patients with positive blood cultures showed 
a death late of S3 1 pei cent 

As legaids the difteient types, it will be seen that septicemia in 
types II, III and IV neaily alwa 3 's indicates a fatal teimination, the 
death rate being approximately 90 per cent for these groups The out- 
look m t}pe I cases vith septicemia is not so grave, otherwise, type I 

T Mill 2A — Death Rate tn Cases svtth Ste)ilc Blood Cultuies 


Death Rate in Cases With Death Rate in Cases With 

Sterile Blood Cultures Positive Blood Cultures 

- * A 


U \ pc of rjinilllOCOtCll': 

C I'os 

rita! 

Per Cent 

Cases 

Fatal 

Per Cent 

T 

02 

n 

15 2 

o3 

24 

727 

n 

•17 

g 

1G2 

SI 

2S 

903 

HI 

2(i 

n 

41 5 

10 

8 

800 

n 

7j 

i> 

ICO 

15 

14 

93 3 


2-40 

■43 

18 7 

69 

74 

831 


T \nir 25 — Relation of Bacicna to Death Rate m Pncuinoma 


Cases Showing Positite Cases Shotting Sterile 
Blood Cultures Blood Cultures 


of Pnimnocoifus 

Cil'Cs r- 

Studied 

Cases 

A 

Deaths 

N f 

Cases 

—A , 

Deaths 

I 

SO 

11 

0 


28 

3 

IT 

22 

14 

13 


8 

1 

III 

11 

4 

3 


7 

1 

1\ 

■i'y 

8 

7 


27 

2 

'J Otlll 

1U7 

o7 

29 or 78 3% 

70 

7 or 10% 


differs 111 no respect from the othei types, msuiing an extremely high 
death rate among patientt, who develop pneumococcic septicemia 

The figures piesented m tables 23 and 24 are open to one serious 
criticism in that many of the patients had only one or two blood cultures 
taken during tbe course of their disease Some of these patients may 
have had a bacteremia before oi aftei the culture was taken 

In table 25 moie accurate figuies are presented m a senes of 107 
patients m whom blood cultuies weie taken at frequent intervals during 
the course of the disease, in some instances eveiy day 

It will be observed that in all four types the death rate was high 
in cases in which theie were positive blood cultuies The death rate 
was somewhat lower m the septic type I series than in the other three 
types, but this difference was probably due to the effect of specific ther- 
apy Furthermore, it will be noted that the incidence of positive blood 
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cultures m the vaiious types is loughly pioportional to their respective 
death lates The occurrence of bacleiemia in the less virulent type I 
and type IV infections is comparatively low, while in the inoie severe 
type II and type III infections the incidence of hacteiemia is distinctly 
higher Finally, the total mortality late for thiit} -seven patients with 
pneumococcic pneumonia and \\ ith positive blood cultures was 78 3 per 
cent, in contiast to a death late of 10 per cent for seventy patients vith 
steiile blood cultures 

Effect of Systemic Disease on Death Rate — The death rate in pneu- 
monia IS gieatly inci eased \\hen the disease occurs in patients already- 
affected with some chionic systemic disease 


Tadu 

26 — Death Rale foi Ca^a Shoxvmq 

Sxslcmtc Disease 

Tjpe 

Cnscs 

Died 

Pcrccntntc Fatal 

I 

fil 

23 

37 7 

11 

cr 

3S 

50 7 

HI 

S:’ 


00.3 

IV 

IIG 

10 

3,10 

Tot III 


1*5 

40 1 


Tabik 27 — Death Rate fot 

Cases without Systeiinc Disease 

Vi pa 

Cii'cs 

Died 

Porcentnge Fatal 

I 

2.17 

37 

n S 

ir 

3„t. 

50 

30 7 

in 

4S 

4 

8 5 

n 

2")l 

70 

27 3 

'Tot il 

075 

101 

23 4 


In table 26, the death rale for 327 cases of pneumococcic pneumonia 
associated with systemic disease ^\as 46 4 pei cent, a figuie gieath in 
excess of the noimal death rate Fuitheimore, the death late for every 
type was affected E^en in type IV cases, one third of all the patients 
infected died 

On the other hand, the death late in cases entiiely fiee from systemic 
disease was distinctly lower than the usual figuie 

In table 27, it will be obseived that in a series of 675 cases of pneu- 
monia without systemic disease, the death i ate was only'’ 23 4 per cent 
The sui prising featuie about this table is the extiemely low death rate 
in the type III series In foity-eight cases of ty'pe III pneumonia 
without systemic disease, theie w'ere only'’ four deaths, a mortality'’ late 
of 8 5 per cent It has been pointed out eaiher in this study'’ that 
patients with chionic systemic disease are particularly'’ susceptible to 
type III pneumonia It is cleai, how’’e\ei, that wdien healthy- persons 
are attacked by the type III pneumococcus, their chances of ieco\eiy 
aie excellent 
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Relation of Death Rate to the Nunihei of Lobes Involved — A.s 
might be expected, the death late m pneumonia runs parallel with the 
numbei of lobes involved 

In single lobe infections, the death rate in the piesent series was 
onl} 20 9 pei cent , in two lobe infections, 36 3 per cent , in three lobe 
infections, 40 8 pei cent , in foui lobe infections, 65 5 pei cent This 
mciease in death rate with the number of lobes affected applies to all 
four types of pneumonia 


T iBLC 28 — Moi (ality and Lobe Involvement m 1,896 Cases of Pneumococcus 

Pneumonia 



Sinele Lobe 

Two Lobes 

Three Lobes 

Pour Lobes 



1 






1 



1 





Per- 

/ 


Per- 

f 


\ 

Per- 

t 


Per- 

T\ pc 

Cases 

Died centage Cases 

Died centage Oases 

Died centage Cases 

Died centage 

T 

ST'i 

51 

12 C 

174 

43 

18 7 

77 

21 

32 3 

6 

4 

33 3 

ir 

214 

70 

290 

no 

4S 

37 2 

33 

16 

421 

8 

5 

600 

nr 

150 

55 

29 7 

97 

40 

359 

12 

8 

500 

3 

1 

250 

IV 

413 

07 

13 5 

174 

05 

301 

32 

18 

5SC 

19 

9 

57 1 

Tot 111 

1,15S 

243 

20 9 

555 

202 

30 3 

154 

03 

40 S 

26 

19 

65 5 


Table 29 — Incidence of Pneumococcus Complications m Relation to Type 





Pen- 

Endo- 






Percent- 

Tvpo of 


Etn- 

car 

car- 

Menin- 

Arth- 

Pble- 

Pen- 


age of 

Pneumococcus 

Cases 

pj oma 

ditis 

ditis 

gitis 

ritis 

bitis 

tonitis Total Incidence 

I 

614 

44 

4 

4 

14 

5 

6 

1 

78 

121 

ir 

SOS 

13 

3 

2 

6 

0 

2 

0 

20 

70 

in 

2CS 

10 

1 

0 

3 

1 

1 

1 

17 

63 

IV 

033 

32 

2 

4 

9 

2 

4 

1 

54 

85 


1,913 








175 

91 


COMPLICATIONS 

Complications in pneumonia are proverbially common Any sort of 
an analysis of the complications which occurred in the 2,000 cases of 
pneumonia included in the present study would constitute an extensive 
treatise in itself In the present report, we have limited our observations 
to the commoner and more serious complications These are usually 
caused by the pneumococcus, but occasionally the streptococcus is 
lesponsible, when it occurs as a secondary invader 

Incidence of the Mote Set ions Coniphcations tn Relation to Type 
In 1,913 cases of pneumococcic pneumonia, serious complications 
occuired 175 times, an incidence of 9 1 per cent In table 29 the 
incidence of the various complications are listed according to type 
When two complications developed in the same case, both have been 
listed 
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The striking feature of table 29 is the high incidence of complications 
in pneumococcus type I pneumonia, 12 1 pei cent of the type I cases 
being complicated by emp^ema^ pericarditis or one of the other severe 
complications The othei thi ee types developed complications with about 
equal frequency, 7, 6 3, and 8 5 per cent, respectively Empyema was by 
far the commonest complication m all types Next in frequency came 
meningitis The other complications uere compai atively rare 

Empyema — Pneumococcus type I pneumonia showed the highest 
incidence of empyema — 6 8 per cent The next highest incidence was 
for type TV (5 per cent), while type II and type III showed an incidence 
of 3 5 and 3 7 per cent, respective!} The death rate for the entire 
group of patients with emp}ema was 38 3 per cent, with only slight 


T \BLE 30 — Incidence and Mottahly of Einp\cnta in Relation to Type 



Total 

Ca'ts of 

Pc I ceil tact 


Death Rate 

Type of Pneuinotoccus 

Cases 

1 inpjeina of Incidence 

Dentils 

Percentage 

I 

&14 

41 

0 8 

30 

303 

rr 

Sr,S 

13 

3 1 

3 

SS4 

III 

2C3 

10 

37 

3 

333 

n 

on 

32 

50 

14 

43 7 

Total 

1,913 

99 

Ol 

38 

3S3 


Table 31 — Relation of Time of Onset of Empyema to Death Rate 


Onset 

dumber 

Died 

Mortality Percent ige 

Before seaenth day 

11 

10 

000 

Seventh to fourteenth day 

27 

14 

51 S 

On and after fourteenth d ij 

01 

41 

22 9 


99 

38 

38 3 


differences for the various types It is possible that the high incidence 
of empyema and other pneumococcus complications in t} pe I pneumonia 
IS dependent on its high prevalence in young people 

An interesting relationship between the moitahtv late and the time 
of development of empyema is shown in table 31 The eailier in the 
disease the empyema develops, the highei the death rate In patients that 
developed empyema befoie the seventh dav of the disease the late of 
mortality uas extremely high (90 per cent) When emp} ema developed 
between the seventh and fourteenth day after the onset of pneumonia the 
death rate was 51 8 per cent In patients that developed empyema after 
the fourteenth day, the death rate was onh 22 9 per cent Fortunately, 
the last group is the laigest, constituting neaih two thirds of the entire 
series It is paiticularly m sti eptococcus pneumonia that empyema 
develops early, and this fact doubtless accounts in great measure for the 
high death rate associated with this form of pneumonia With the 




CECIL-BALDfVli\-L4RSEN~L0BAR PNEUMONIA 277 

exception of a few patients in whom empjema was diagnosed just 
befoie 01 aitei death, patients who developed empyema weie tians- 
fetied to the siiigical seivice for thoiacotomj'' Patients who developed 
empjema eailj in the disease weie tieated by aspiiation until then 
condition van anted suigical inteivention 


COMMENT 

The analysis of a laige gioup of cases of pneumococcic pneumonia 
has enabled us to make some inteiesting and piobably safe deductions 
conceinmg ceitain clinical featuies of the vaiious types In the couise 
of oui studies at Bellevue, a numbei of these type chaiacteiistics weie 
suspected long befoie statistics weie available to piove them The fact 
that the vaiious types of pneumonia possess ceitam chaiacteiistics that 
diffeientiate them fiom one anothei serves to emphasize the impoitance 
of the bactei lologic study in eveiy case The time has come when 
eveiN case of lobai pneumonia should be typed This can usually be 
accomplished bj injecting some sputum into a mouse If sputum is not 
available, washings fiom a thioat swab should be injected Blood cul- 
ture should also be taken, and piecipitm tests earned out on the mine 

Just wh) these diffeiences exist between the four types of pneumo- 
coccic pneumonia it is impossible to say It is difficult to undei stand 
win joung people should be paiticulaily susceptible to pneumococcus 
tipe I while oldei people are inoie leadily attacked by pneumococcus 
type III It is difficult to explain why seiioiis complications aie almost 
twice as common in type I as in the othei types, oi whj^ type II and 
type III pneumonia aie almost twice as fatal as type I oi IV Neveithe- 
less, these diffeiences in the types do exist, and it is impoitant foi the 
jiractitionei to be an aie of them Knowing the type of pneumonia with 
nlnch he is dealing, the phj^sician at once knows a good deal moie about 
his patient, his chances of lecoveiy, the dangei of complications 
and the feasibility of specific tieatment Foi these leasons, an exact 
knowledge of the bactei lal natuie of the infection has become an 
indispensable icquisite m the tieatment of a pneumonic patient 

In this study we have puiposely lefiamed fiom a discussion of oui 
lesults with specific and nonspecific theiapy Appioximately one thud 
of the 2,000 patients composing this mateiial leceived some foim of 
specific 01 nonspecific tieatment A few patients leceived anti- 
pneumococcus seium a laige numbei leceived Huntoon’s pneumococcus 
antibody solution, a much smallei numbei weie tieated with Felton’s 
concentiated antipneumococcus seium Specific tieatment was not 
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The striking feature of table 29 is the high incidence of complications 
in pneumococcus t}pe I pneumonia, 12 1 per cent of the type I cases 
being complicated by enipjema^ pericarditis or one of the other severe 
complications The other three t3'^pes developed complications with about 
equal fiequenc} , 7, 6 3, and 8 5 per cent, respectively Empyema was by 
far the commonest complication m all types Next in frequency came 
meningitis The other complications were comparatively rare 

Empyema — Pneumococcus t} pe I pneumonia show^ed the highest 
incidence of emp}ema — 6 8 per cent The next highest incidence w^as 
for type TV (5 per cent), wdnle type II and type III showed an incidence 
of 3 5 and 3 7 per cent, respectnely The death late for the entire 
group of patients with emp3ema w^as 38 3 per cent, wuth only slight 

T \BLE 30 — Incidence and Mo)lalit\ of Lnifxcnia in Relation to Type 
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T \BLE 31 — Relation of Time of Onset of Empyema to Death Rale 


Onset 

Number 

Dletl 

Mortalitj Percent ige 

Before seventh da\ 

11 

10 

900 

Seventh to fourteenth da\ 

27 

11 

51 S 

On and after fourteenth d ij 

Cl 

41 

229 


9a 

3S 

3S3 


differences for the various t3 pes It is possible that the high incidence 
of emp3’-ema and other pneumococcus complications in t3 pe I pneumonia 
IS dependent on its high pre\alence in 3’^oung people 

An interesting relationship betw^een the moitahU rate and the time 
of development of empyema is showm in table 31 The earhei in the 
disease the empyema develops, the highei the death rate In patients that 
developed emp3ema befoie the seventh da\ of the disease the late of 
mortality was extremely high (90 per cent) When emp3 ema developed 
between the seAenth and fouiteenth da3 after the onset of pneumonia the 
death rate w^as 518 per cent In patients that developed empyema after 
the fourteenth da3 the death rate w^as onlv 22 9 pei cent Fortunately, 
the last group is the largest constituting neaih two thuds of the entire 
series It is particularl3'- in streptococcus pneumonia that emp3'-ema 
develops early, and this fact doubtless accounts in great measure for the 
high death rate associated with this form of pneumonia With the 
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exception of a few patients in whom empyema was diagnosed just 
befoie 01 aftei death, patients who developed empyema were trans- 
feiied to the surgical service for thoiacotomy Patients who developed 
emp 3 ema earh m the disease weie treated by aspiration until their 
condition vai ranted suigical intervention 


COMMENT 

The analysis of a large group of cases of pneumococcic pneumonia 
has enabled us to make some mteiesting and probably safe deductions 
concerning ceitain clinical features of the vaiious types In the course 
of our studies at Bellevue, a number of these type characteristics were 
suspected long before statistics were available to prove them The fact 
that the vaiious types of pneumonia possess certain characteristics that 
diffeientiate them fiom one anothei serves to emphasize the importance 
of the bacteriologic study in eveiy case The time has come when 
even case of lobai pneumonia should be typed This can usually be 
accomplished b) injecting some sputum into a mouse If sputum is not 
available, vashmgs from a tin oat swab should be injected Blood cul- 
ture should also be taken, and precipitin tests carried out on the urine 

Just why these diffeiences exist between the four types of pneumo- 
coccic pneumonia it is impossible to say It is difficult to understand 
wh} }oung people should be particularly susceptible to pneumococcus 
t\pe I while older people aie moie leadily attacked by pneumococcus 
tjpe III It IS difficult to explain why serious complications aie almost 
twice as common m type I as m the other types , or why type II and 
type III pneumonia aie almost twice as fatal as type I or IV Neverthe- 
less, these difleiences m the t\pes do exist, and it is impoitant for the 
practitioner to be aw aie of them Knowung the type of pneumonia with 
which he is dealing, the physician at once knows a good deal more about 
his patient, his chances of lecoveiy, the danger of complications 
and the feasibility of specific treatment Foi these reasons, an exact 
knowdedge of the bacteiial natuie of the infection has become an 
indispensable lequisite in the tieatment of a pneumonic patient 

In this study w^e have purposely lefiained from a discussion of our 
lesults with specific and nonspecific theiapy Approximately one third 
of the 2,000 patients composing this niateiial leceived some form of 
specific or nonspecific tieatment A few^ patients received anti- 
pneumococcus serum , a large numbei i eceived Huntoon’s pneumococcus 
antibody solution, a much smaller numbei weie treated with Felton’s 
concentrated antipneumococcus seium Specific treatment was not 
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limited to any one type of pneumococcic pneumonia Our results with 
these various agents have been reported in other articles ® 

SUMMARY 

A summary of the more important facts derived from this investi- 
gation may be stated as follows 

A bacteriologic classification of 2,000 typed cases of lobar pneumonia 
showed the following distribution of pathogenic organisms pneumo- 
coccus, 95 65 per cent, hemolytic streptococcus, 3 8 per cent, Fiiedland- 
ei ’s bacillus, 0 4 per cent , influenza bacillus, 0 05 per cent, and 
Staphylococcus aiaeiis, 0 1 pei cent 

The incidence of the various types of pneumococcus was as follows 
pneumococcus type I, 33 6 pei cent, pneumococcus type II, 19 2 per 
cent, pneumococcus type III, 13 4 per cent, pneumococcus type IV, 
33 1 per cent There was considerable variation from year to year in 
the incidence of the various types 

A study of the i elation of types to age shows that young people 
are particularly prone to pneumococcus type I infections, and elderly 
people to pneumococcus t}pe III Type II and t}pe IV show no special 
predilection for any age group 

A study of the incidence of type m relation to sex shows that 
type I and type II aie commoner in men than in women Type III 
and type IV are commonei in women than in men Type III is almost 
twice as common in women as in men Type I pneumonia is three times 
as common in men under 50 as it is in women over 50 On the other 
hand, type III pneumonia is more than three times as common in women 
over 50 as it is in men under 50 

The percentage of mixed infections among the cases of pneumococcic 
pneumonia is lowest in type I cases (184 per cent) and highest in the 
type IV group (31 2 per cent) The incidence of mixed infections 
varies from year to year, being highest during years when influenza 
IS prevalent By far the commonest mixed infection was that of the 
pneumococcus in association with the influenza bacillus The pneu- 
mococcus and hemolytic sti eptococcus is the next most frequent 
combination 

The incidence of preexisting systemic disease is highest in the 
pneumococcus type III group, 63 3 per cent of all type III infections 
occurring in patients with systemic disease 

The type of pneumococcus appears to bear no relation to the lobe 
involved or to the extent of the infection Three and four lobe 


8 Cecil, R L, and Larsen, J P Clinical and Bacteriologic Study of One 
Thousand Cases of Lobar Pneumonia, J A M A 79 343 (July 29) 1922 
Cecil, R. L, and Baldwin, H S The Treatment of Lobar Pneumonia with 
Subcutaneous Injections of Pneumonoccus Antibody Solution, J Pharmacol & 
Exper Therp 24 1, 1924 



CECIL-BALDJVIN-LARSEM— LOBAR PNEUMONIA 279 

infections aie as i datively fiequent in the milder types (I and IV) as 
in the seveie types (II and III) 

Twenty-four pei cent of the cases of pneumococcic pneumonia 
showed pneumococci in the blood The incidence of bacteremia is 
higliei in the seveie types (II and III) than m the mild types (I and 
IV) Tj-pe II IS essentially the pneumococcus of bacteremia, yielding 
positive blood cultuies in 39 7 pei cent of the cases 

No sti iking differences in the clinical course could be demonstrated 
as dial actei istic of the vaiious types of pneumococci The aveiage 
duration of the disease for the vaiious types ranged fiom 8 6 to 
9 1 days, type III lunning the longest couise Type III infections also 
run the longest course m monkeys 

A study of the mode of termination m the cases of pneumococcic 
pneumonia m which the patients recovered showed that 49 6 per cent 
terminated by ciisis Crisis was most fiequent m type I infections, 
56 6 per cent, t 3 fpe II, 50 per cent, type III, 39 3 per cent, type IV, 
45 5 per cent 

The death rates for the various types (without specific treatment) 
veie as follows type I, 20 7 per cent, type II, 42 per cent, type III, 
41 6 pel cent , type IV, 29 2 per cent Types I and IV are the milder 
forms, types II and III are the severe foims, of pneumococcic 
pneumonia 

A study of the death late m i elation to age shows a steadily 
increasing death late for each decade In patients under 20, the death 
late for all types was 11 1 per cent, m those ovei 60, the death late 
was 52 7 pel cent Age is probably the most important single factor 
in detei mining the death rate m pneumonia Pneumococcus type I 
pneumonia has a low death rate, piesumably because it is the pneumonia 
of j'-oung people Pneumococcus type 3 pneumonia has a high death 
rate, chiefly because of its pievalence in elderly people In patients 
under 30, type III pneumonia is not a seveie infection 

The 1 elation of bacteiemia to death rate was striking in all four 
t}pes Among 240 patients whose blood remained sterile, the death 
rate was only 18 7 per cent, among eighty-nme patients whose blood 
cultuies weie positive, the death rate was 83 1 per cent 

The association of some systemic disease with pneumonia inci eases 
the death late Among patients fiee fiom systemic disease, the death 
rate was 23 4 pei cent , among those with systemic disease, the death 
late was 46 4 per cent 

In all four types of pneumonia the death rate was definitely related 
to the numbei of lobes involved, foi single lobe infections it was 
20 9 per cent , two lobes, 36 3 per cent , three lobes, 40 8 per cent, and 
four lobes, 65 5 pei cent 
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Some form of i^neumococcic complication occuried m 12 1 per cent 
of type I cases The incidence of pneumococcic complications was 
almost twice as high for type I infections as for the othei thiee types 
Empyema was the commonest complication, occurring in 5 1 per cent 
of all cases The incidence of empyema was considerably higher in 
type I infections than in any of the other types Empyema is a much 
more serious complication when it develops during the active stage of 
pneumonia than when it occurs aftei the crisis 



THE CORONARY CIRCULATION * 


FRED M SMITH, MD 
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Expel imental ligation of the coronary arteiies’^ and observations 
on man following the occlusion of these vessels " have demonstrated that 
the heart is extremel} sensitive to a reduction m its blood supply It 
would seem that a knowledge of the factors concerned in the regulation 
of the coronary circulation is important for a better understanding of 
impaiied cardiac function It is possible that a further study of this 
subject may furnish an explanation for the cause of cardiac failure in 
certain instances which are at present obscure and may perhaps suggest 
a more satisfactoiy means of treatment The present report is con- 
cerned with studies of certain features of the coronary circulation in 
which the author has been interested during the last three years 

< 

INFLUENCE OF THE VAGI AND SYMPATHETIC NERVES 
ON THE CORONARY ARTERIES 

The action of the \agi and sympathetic nerves on the coronary 
arteries has been more extensively investigated perhaps than any other 
physiologic aspect of the coronary circulation It has been approached 
through the study of '^hoit sections of the coronary arteries suspended 
m Ringer’s solution and thiough observation on the isolated and the 
intact heart and heart-lung prepaiation 

The studies on isolated sections of the coronary arteries have been 
concerned chiefly with obseivations on the effect of epinephrine because 
of the action that this diug is said to have on the sympathetic nerve® 
By this method epinephrine has repeatedly produced a dilatation of 
strips of coronary arteries from the sheep, goat, ox, calf and rabbit 

From the Department of Internal Medicine, State University of Iowa 
Read before the Portland Academy of Medicine, Portland, Oregon, Oct 
13, 1926 

1 Miller and Mathews Effect on the Heart of Experimental Obstruction of 
the Left Coronarj Artery, Arch Int Med 3 476 (June) 1909 Smith, F M 
The Ligation of Coronary Arteries with Electrocardiographic Stud}^ ibid 22 8 
(July) 1918 

2 Herrick, J B Clinical Features of Sudden Obstruction of the Coronary 
Arteries, J A M A 59 2015 (Dec 7) 1912, Thrombosis of Coronary Arteries, 
ibid 72 387 (Feb 8) 1919 

3 Lagendorff Zentralbl f Physiol 21 551, 1907 Cow J Physiol 42 
125, 1911 Eppinger and Hess Ztschr f exper Path u Therap 5 622, 1909 
Barbour J Exper Med 15 404, 1912 Park ibid 17 532, 1912 Ishihara 
Fuknoka-Ilwadaigaku-Zasshi 14 3, 1921 
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Barbour/ however, who used human coionary aiteries lemoved at 
autopsy whde the body was stdl warm, observed a constiiction, but in 
a similar senes of expeiiments, he noted a dilatation when the coronary 
arteries of the calf, sheep and pig were employed Cow reported that 
the strips taken from difteient sections of the same artery varied in 
their response to epinephrine While this method of investigation has 
yielded certain important infoimation, it is subject to criticism because 
of the obviously abnormal state under which these vessels were studied 
Furthermore, since the smaller arteries and the capillaries, in many 
instances, are known to react in a different mannei from the larger 
vessels,” observations made on the isolated ring preparations cannot be 
applied to the whole coronar} system without reservations 

In the studies on the isolated heart the perfusion fluid was intro- 
duced through a cannula inserted into the aorta oi into the coronary 
arteries Wiggers"^ has pointed out a possible source of error in deter- 
mining the rate of coronar}’- flow b}’ perfusion of the heart through a 
cannula inserted into the aorta because of the possible imperfect closure 
of the aortic valves allowing a leakage of fluid into the left ventricle 
He eliminated this source of error by introducing the cannulas directly 
into the coionary arteries 

My co-workers and I ® have recently investigated the question of 
the leakage of the aortic valves In some experiments the inferior and 
superior vena cava were ligated and a cannula introduced into the pul- 
monary artery The return of the perfusion fluid to the right side of 
the heart was thus sepaiated from an} that might leak past the aortic 
valves or return directly to the left ventricle from the coronary circu- 
lation The same feature was further studied by the ligation of the 
pulmonary veins and by the insertion of a cannula into the tip of the 
left auiicle In both instances the amount of pei fusion fluid which 
escaped from the left ventricle was negligible 

The rate of coronary flow in the perfused heart has usually been 
determined by measuring the fluid which escapes from the light auricle 
In a series of experiments perfoimed by my co-woikers and me, the 
perfusion fluid escaping from the right amide has been directed by a 
funnel into a tipping bucket, the emptying of which is automatically 
registered on a kymograph Brodie and Culhs ” devised an ingenious 
plethysmograph by means of which a constant lecoid of the coionai} 

4 Barbour (footnote 3, fourth reference) 

5 Cow (footnote 3, second reference) 

6 Krogh, J Physiol 53 399, 1919-1920, ibid 55 412, 1921, The Anatomy 
and Physiology of Capillaries, Yale University, New Haven, 1922 

7 Wiggers Am J Physiol 24 391, 1909 

8 Smith, Miller and Graber J Clin Investigation 2 157, 1925 

9 Brodie and Culhs J Physiol 43 313, 1911-1912 
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outflow was obtained Sassafl® and Diury and Sumbal have employed 
the method mtioduced by At/ler and Frank for measunng the 
coionaiy inflow The lattei method is peihaps the most delicate means 
of legistiation, hut is dependent on a closed system which somewhat 
lestiicts Its field of application 

" In the intact heait the rate of coionary flow has been estimated by 
measunng the blood peimitted to escape through a cut in a coionary 
vein ‘ Moie lecently the Moiowitz and Zahn cannula/® which is intio- 
duced into the coronai y sinus, has been employed This cannula has 
also been used m the heart-lung piepaiation It afifoids an accurate 
means of studying the rate of coionary flow While not all the blood 
1 etui ns to the light side of the heait thiough the coionary sinus, this 
amount has been found by Stalling to lepiesent a fairly constant pro- 
poition of the total coionar}'- flow undei vaiying conditions 

Epinephiine has likewise been employed m the study of the coionary 
cii dilation of the isolated^® and intact heart and m the heart-lung 
piepaiation by obseiving the efiect of the diug on the rate of coronai y 
flow In most instances the rate of flow was inci eased The dose of the 
diug employed was usually sufficient to produce a striking accelerating 
action on the heait Brodie and Culhs® avoided the marked stimulating 
effects of epinephiine by i educing the size of the dose In those 
instances m which minute quantities weie employed, a decrease in the 
rate of pei fusion was observed As the size of the dose was increased, 
causing the stimulating action to become more marked, the decrease in 
the rate of coronai y flow was leplaced by augmentation 

Recentl}'’ Diury and Smith, by means of the micioscope, studied 
the effects of epinephiine applied locally to the coronal y aiteiies of 
the toitoise Inwall instances the vessels undei obseivation were con- 
stricted Sometimes the lumen was entirely obliterated After the 
vessels weie constricted by epinephrine, they were dilated to their 

10 Sassa Arch f d ges Physiol 198 543, 1923 

11 Drury and Sumbal PIcart 10 267, 1924 

12 Atzler and Frank Arch f d ges Physiol 181 144, 1920 

13 Morowitz and Zahn Zcntralbl f Physiol 26 465, 1912, Deutsches Arch 
f khn Pled 116 364, 1914 

14 Sassa (footnote 10) Smith, Miller and Grabcr Relative Importance of 
Systolic and Diastolic Blood Pressure in Maintaining Coronary Circulation, 
Arch Int Med 38 109 (July) 1926 

15 Markwalder and Starling J Physiol 47 275, 1913-1914 Nakagawa J 
Physiol 56 340, 1922 Anrep Physiol Rev 6 596, 1926 

16 Barbour and Prince J Exper Med 21 330, 1915 Bond ibid 12 575, 
1910 Schafer Zentralbl f Physiol 19 218, 1905-1906 Wiggers (footnote 7) 

17 Meyer Arch f Anat u Physiol 1912, p 223 Morowitz and Zahn 
(footnote 13) Wiggers (footnote 7) 

18 Marlcwalder and Starling (footnote 15, first reference) 

19 Drury and Smith Heart 11 71, 1924 
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original size by faradic stimulation of the vagus This dilating action 
of the vagus was readily eliminated by ati opine Drury and SumbaD^ 
later noted a sti iking deciease in the rate of the coionary flow in the 
heait of a toitoise after the introduction of epinephrine into the per- 
fusion fluid In the same series of experiments similar results were 
obtained by the stimulation of the sympathetic ner\es In further 
obseivations on the coionaiy aiteries of the toitoise, SumbaH" studied 
the effects of acetylcholine by dii ect application and pei fusion methods 
When the diug was applied locally to the coionary artery, a dilatation 
was noted, and when it was introduced into the perfusion fluid, an 
inciease in the late of coronal} flow followed 

I have more recentl} studied the effect of epmephme and acetyl- 
choline on the coionary flow in the pei fused heart of the rabbit Epi- 
nephime in dilutions of approximately 1 200,000,000 was emplo}ed to 
avoid the complicating effects produced by the extreme cardiac 
stimulation resulting fiom the higher concentrations ordinarily used 
Epmephiine in this dilution pioduced a decrease in the rate of the 
coionary flow var}ing fiom 12 to 22 pei cent The diminished per- 
fusion rate began immediately after the mtiodiiction of the drug and 
persisted up to the point of gieatest cauhac stimulation At this point 
the coronary flow was usually shghtl} augmented for a short time 
Even with these minute doses of epmephiine there w'as a distinct 
stimulating effect on the heait as indicated b\ the acceleration in rate 
and increase in the amplitude of contraction These results demonstrate 
that epinephrine constiicts the coionar} arteiies of the rabbit ivhen the 
dose employed is sufficiently small to avoid the extieme cardiac stimu- 
lation When laigei concenti ations w^ere used, the decrease in the 
late of coionary flow was leplaced by an angnientation It is believed 
that the inciease in the late of coronal y flow’ heictofore leported may 
be attiibuted to the extreme stimulating action on the heart by the 
dose employed 

Acetylcholine is geneially regarded as having an mhibitoiT action on 
the heait comparable to that produced by stimulation of the vagus In 
the afoiementioned investigation acetylcholine w’as intioduced into the 
coronary arteiies in dilutions varying from 1 100,000 to 1 200,000 The 
drug in these concenti ations gieatly reduced the heart late, and m some 
instances pioduced cardiac standstill Coincident w’lth the i eduction in 
the rate, the amplitude of contraction w’as diminished With the onset 
of these changes, the pei fusion late w'as gieath’ augmented Tlie intro- 
duction of ati opine into the perfusion fluid in a concentration of 

20 Sumbal Heart 11 285, 1924 

21 Smith, Miller and Graber Am J Phvsiol 77 1, 1926 

22 Hunt and DeM Taveau Brit M J 2 1788, 1906 Dale J Pharmacol &. 
Exper Therap 6 147, 1914 Hunt Am J Physiol 45 197, 1918 
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1 20,000 pi evented oi eliminated these effects The results weie thus 
similai to those observed by others in the study o£ the action of acetyl- 
choline on the coionaiy artery of the toitoise and on other aiteries in 
the mammal 

The lesults of stimulation of the sympathetic and of the vagus neives 
of the mammal have vaiied in the hands of different investigators 
Moiouitz and Zahn obseived an increase in the late of coronar}'' flow 
dm mg sympathetic stimulation In these experiments neithei the cai- 
diac late nor the blood piessuie was conti oiled Wiggers" leported a 
deci eased flow from a wounded coionaiy vein dm mg the stimulation of 
the ^ agosympathetic neives of the dog after atropmization Nakagawa 
noted no change m the late of coionai}'’ flow m the heait-lung prepa- 
lation dm mg vagal stimulation Sassa studied the coionaiy flow by 
cannuhzmg the coionaiy aiteiies in the intact and isolated heart of the 
cat and measmed the late of inflow by the Atzler and Frank method A 
deciease m the late of flow was usually lecorded at the beginning of 
S3’-mpathetic stimulation even with increased caidiac rate, whereas on 
Aagal stimulation theie was an initial increase m the late of inflow asso- 
ciated \Mth a 1 eduction in the caidiac rate 

The question as to whether the A^agi and sympathetic nerves piovide 
the coionaiy arteiies with a vasomoto’* mechanism has been difficult to 
answer It is not smpiismg that the results fiom the use of epinephiine 
and electiical stimulation of the nerves have vaiied because of the diffl- 
culty 111 controlling of the vanoiis factois which influence the coionaiy 
cii dilation The conti action of the heart opposes either a dilatation or 
cl constiiction of the coionary arteries The opposition from this factor 
IS conceived to be great m the mammalian heart because of the rapid 
late of contraction This featuie is well illustrated by the action of 
epinephiine on the isolated or intact heart when the dose is sufficient 
to pioduce a maiked stimulating effect It is peihaps reduced to the 
minimum m the slowly beating heart of the toitoise Even heie it was 
difficult to obtain the constricting effect of epinephiine on the surface 
vessels after the cardiac rate was acceleiated by the stimulating effect 
of the drug Furthermoie, the blood piessuie is peihaps the greatest 
factor m maintaining the coronaiy ciiculation This has not always 
been controlled Then, too, the vagi and the sympathetic nerves 
are apt not to be cleaily sepaiated in the mammal, particulaily 
m the dog, in which the main trunk of the vagus is said to con- 
tain sympathetic fibers The possibility of stimulating both nerves 
when intending to stimulate only one cannot be entirely disregarded At 
present it would seem that theie is no doubt legarding the action of the 
vagi and sympathetic neives on the coionary arteiy of the tortoise The 

23 Hunt (footnote 22, third reference) 

24 Nakagawa (footnote 15, second reference) 
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evidence that these nerves may provide the coronary arteiies of the 
mammal with a similar vasomotor mechanism is suggestive but not con- 
clusive 

THE INELUENCi: OF BLOOD PRESSURE 

The susceptibility of the heart to changes in the aortic pressure was 
eaily recognized in pei fusion experiments Heilitzka-® observed that 
the perfused heait of the rabbit ceased to beat when the pressure of 
the perfusion fluid vas reduced below fiom 13 to 18 mm of mercuiy 
If, howevei, the pressure was graduall} inci eased, the cardiac contrac- 
tions appeared in periodic gioups After further increase in pressure, 
the action of the heart became more regular with alternating strong and 
weak beats which ^\ele later replaced by conti actions of equal strength 
LangendoilT and Poiter "" noted that an mciease in pei fusion pressure 
greatly augmented the late of coionary flow Ihe influence of blood 
piessure on the coionar} flow was pei haps best appreciated folIowTiig 
the observations of Markw'aldei and Starling In some instances the} 
obtained 100 per cent increase m the rate of coronary flow b} elevating 
the blood piessuie fioni SO to 100 mm of mercuiy Moraivitz and 
Zahn and De Bai enne ha^ e since obscr\ ed a similar dependence of 
the coronary flow on the arterial picssine 

Recently I"“ studied the relative impoitancc of the s}stolic and dia- 
stolic pressure in maintaining the coronaiy cii dilation Dogs w'eie 
employed in this series of experiments The blood piessure w'as 
lecoided on the k}mograph by a Straub membrane manometei This 
instillment w'as employed in order to obtain a more accurate record of 
the systolic and diastolic picssurcs The late of coionar} flow was 
determined by means of the Moiowitz-Zahn cannula The blood from 
the coronaiy sinus w^as maintained at a constant temperature and rein- 
troduced into the femoral vein Changes in the blood piessure were 
produced by constricting the thoracic aorta w ith an adjustable clamp and 
by the experimental production of artenoicnous aneurysm and aortic 
regurgitation 

In those expeiiinents in w^hich tlie thoracic aorta was constricted by 
an adjustable clamp, it w^as possible, wnthin certain limits, to increase the 
diastolic pressure wuthout alteiing the systolic piessure In each 
instance there w'as a striking mciease m the late of coionaiy flow asso- 
ciated with the elevation of the diastolic pressure, even m those experi- 
ments in which the systolic piessme was slightly i educed 

25 Herlitzka Tigerstadt Physiologic des Krcislaiifes, Berlin, 1921, vol 1, 
p 319 

26 Langendorff Arch f d ges Phvsiol 78 423, 1899 

27 Porter Am J Physiol 1 141, 1898 

28 De Barenne Arch f d ges Physiol 177 217, 1919 

29 Smith, Miller and Graber (footnote 14, second reference) 
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When the aitenovenous aneurysm was employed, the diastolic 
pressuie was reduced and the systolic increased In these experiments 
there was a definite deciease m the late of coronary flow m spite of the 
mciease m the systolic piessure In the expeiiments in which an aortic 
1 egurgitation was pioduced by punctuiing the aortic valves, the results 
weie similai to those of the arteriovenous aneurysm The systolic 
pressuie was inci eased, the diastolic deci eased, and there were corre- 
sponding changes in the coronary flow The alterations m the blood 
pressuie and the changes in the coronary flow varied with the extent to 
which the aortic valves were damaged In one typical expeiiment dur- 
ing the control period the S 3 ^stohc pressure was 100 and the diastolic 50 
The rate of flow fiom the coionai}’^ sinus was 240 cc a minute Follow- 
ing the punctuie of one valve the systolic piessure was increased to 120 
and the diastolic fell to 30 The flow from the coronary sinus was 
reduced to 195 cc a minute Later the same valve cusp was torn loose 
fiom its base Following this procedure the systolic piessure at once 
increased to 150 and the diastolic fell to 15 The flow from the coronary 
sinus was furthei i educed to 150 cc a minute 

The results of this series of expeiiments show that the rate of coro- 
nar} flow is greatly altered by a change m the diastolic pressuie even in 
the presence of changes m the systolic pressure m the opposite direction 
In one instance in which there was a reduction of only 5 mm of 
mercuiy in the diastolic pressure associated with an increase of 10 in the 
systolic piessure, there was a decrease m the flow of the blood from the 
coronar)'’ sinus from 277 to 250 cc a minute Similarly m those experi- 
ments m which there was a corresponding elevation of the diastolic 
pressure, even though the systolic pressure remained constant or was 
even slightly reduced, there was a comparable increase in the rate of 
coronary flow It would seem from these results that the maintenance 
of an efficient coronary circulation is fundamentally dependent on the 
height of the diastolic pressure While the systolic blood piessure no 
doubt influences the coronary flow, it is subordinate to that of the dia- 
stolic pressure 

On the basis of these observations it is suggested that the decreased 
coronary flow associated with the diminished diastolic pressure in aoitic 
regui gitation and arteriovenous aneurysm is probably a significant fac- 
tor m the development of the cardiac hypei trophy and later cardiac 
failure 

INFLUENCE OF THE CARDIAC RATE 

Porter-' observed a deciease in the rate of coronary flow in the 
pel fused heart of the cat when the cardiac rate was slowed by vagal 
stimulation He concluded that the volume of blood passing through 
the coronary vessels was influenced by the heart late The effect of 
vaiiations m the cardiac late on the coronal y cii dilation has since been 
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studied by Morawitz and Zahn,^® Nakaga\va,=‘ Sassa,’-® Miyaka.^® Anrep 
and Segall and Hammouda and Kmoseta Nakaga^\a employing the 
heart-lung pieparation and Sassa in studies on the isolated heart pro- 
duced changes in the heart rate by altering the temperatuie of the blood 
or pel fusion fluid In both senes of experiments the reduction and the 
acceleiation in the cardiac rate, induced lespectivel} by cooling and heat- 
ing of the blood or perfusion fluid, pioduced '\\ithin certain limits a 
corresponding mciease and deciease in the late of coionary flow Both 
of these investigators appieciated that the changes in the coionaiy flow 
induced in this manner could not he entiiely attiibuted to changes in the 
caidiac rate, they therefoie lesorted to other means of changing the rate 
Nakagawa, in his fuithei experiments, accelerated the heait rate by 
induced shocks to the sinus node and slow ed the heart by a agal stimula- 
tion In this study, no appieciable change w^as noted in the late of 
coionary flow' In his subsequent studies, Sassa, induced changes in 
the caidiac late by cooling and w'armmg the sinus node by means of a 
w'ater thermode He obseived a deciease in the coionaiy flow wdien 
the caidiac rate w'as reduced In those instances, howe\er, in which 
heat w'as applied to the sinus node associated wnth an acceleration in 
cardiac late there, w'as little mciease m coronary flow' 

Obseivations on the effects of changes in the cardiac rate pioduced 
by w'arming and cooling the sinus node have since been made by Miyaka, 
and no alteiation in the coronai} flow has been observed Anrep and 
Segall, working w’lth the heait-lung pieparation, did not note any 
change in the volume of the coionaiy flow' by dining the heart at vary- 
ing rates fiom 60 to 200 a minute These obseiveis cite the woik of 
Hammouda and Kinosita on the isolated heart as confirming their 
results 

My co-woikeis and I have recently investigated the influence of 
caidiac rate on coionary flow' The subject w'as approached by studies 
on the isolated and on the intact heait In the foimer the heait of the 
rabbit w'as diiven at different lates by means of rhythmical induced 
shock In every instance an increase in heait rate w'as associated w'lth 
an augmentation of the coionaiy flow' In geneial the increase in coro- 
nary flow' seemed to depend on the initial caidiac late and the extent to 
which the heait was accelerated The gieatest increase in the rate of 
coronary cii dilation was obsen'ed in those instances in w'hich the initial 
cardiac rate was about 120 and the acceleiation more than 50 beats a 
minute A furthei mciease in the cardiac rate above 200 a minute 
usually did not produce significant changes in the coronary flow' Fur- 

30 Mivaka, quoted by Anrep (footnote IS, third reference) 

31 Anrep (footnote 15, third reference) 

32 Hammouda and Kmosita, quoted by Anrep (footnote 15, third reference) 

33 Smith, Afiller and Graber Unpublished work 
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theimoie, in those expeiiments in which the initial heait rate was above 
160 a minute, fiiithei acceleiation was not associated with changes in 
the coronary flow compaiable to that pioduced in a heart with a lower 
initial late 

Fiiithei studies weie made on the intact heart of the dog in which 
changes m the cardiac late were pioduced by heating and cooling the 
sinus node and by vagal stimulation In all instances a constant blood 
piessure was maintained By means of the application of heat and cold 
to the sinus node, it was possilile to pioduce changes m the caidiac rate 
langing fiom 30 to 60 beats a minute This deciease and mciease in 
heait late, lespectively, was associated with a sudden i eduction and 
augmentation of the coionaiy flow In those experiments m which the 
caidiac late was deci eased by vagal stimulation, the i eduction in the rate 
of coionary ciiculalion was stiikmg 

It is concluded fioni these lesults that i eduction and acceleration of 
the cardiac lates within ceitain limits aie associated with definite 
changes m the late of coronaiy flow The most striking alterations in 
the coionaiy ciiculalion were obseived dm mg the changes fiom the slow 
beat induced by vagal stimulation to the acceleiated late pioduced by 
warming the sinus node 

THE INELUENCD OF CARDIAC IRREGULARITIES 

The coronaiy ciiculalion has been studied dm mg ventiicular fibi illa- 
tion Aniep, m his lecent review,®^ mentions an investigation in which 
he, with Downing, Cuiickshank and Subba Rau studied the time rela- 
tions between the changes in the coronary outflow and inflow and the 
different phases of the caidiac cycle m the heait-lung pieparation In 
this work obseivations were made on the influence of heait block, pre- 
matuie conti action and am iculai and ventnculai fibi illation No definite 
statement, however, w'as made concerning the influence of these various 
types of abnoimal caidiac mechanism on the late of coronary flow, and 
a detailed lepoit of these experiments is not available To my knowledge, 
there has been no othei obseivation concerning the influence of the 
clinical types of caidiac irregularities on the coronaiy ciiculation 

This subject is being investigated on the intact heart of the dog and 
will be discussed more in detail m a futuie report So far, premature 
contraction induced by electrical stimulation of the amides and ventri- 
cles has not produced any significant change in the rate of coi onary flow 
The effects of amiculai fibrillation produced by faiadic stimulation of 
the amides have varied In most instances theie has been a definite 
inciease in the late of coronary flow In one experiment, however, in 
which the amicular fibi illation appealed spontaneously and lasted for 
seveial minutes, there was piactically no change in the rate of coronary 
flow after the establishment of a normal cardiac mechanism In another 
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experiment, in which the faradic stimulation of the auricles was followed 
on several occasions by the onset of a lapid and seemingly regular car- 
diac action, there was no significant change in the late of flow from the 
coronary sinus 

A slow caidiac late comparable to that accompanying complete 
heart block was produced by vagal stimulation In each of these experi- 
ments there was a sti iking reduction m the late of coronaiy flow 

THE INELUENCE OF CArrEINE, TIIEOKROUINE AND TIIEOPIIVLLINE 

Caffeine, theobioinine and theophylline are nnanably mentioned in 
the discussion of the treatment of patients with cardiac failure One 
explanation of their beneficial effect has been sought through their pos- 
sible action on the coionaiy arteries The lesults of the investigation 
of the action of these diugs on the coionai}’- arteiies have varied con- 
siderably with the different obsen’^ers Hedboin ■” obtained an increase 
in the rate of coronary flow in the perfused heait with caffeine in con- 
centration of 1 20,000 Loeb,'’"’ on the other hand, observed little 

increase in the coionary output following the administration of caffeine, 
whereas theobromine gicatly augmented the rate of perfusion Heath- 
cot studied the action of caffeine, theobromine and theophylline in con- 
centration varying from 1 2 000 to 1 40,000 He obtained a marked 
increase in rate of coronary flow with the higher concentration When, 
however, these drugs weie employed in dilutions of 1 20,000 and 
1 40,000, caffeine and theobromine produced little if any change, and 
theophylline produced from 20 to 30 per cent increase Sakai and 
Saneyoshi investigated the effect of caffeine sodiobenzoate and theo- 
bromine sodiosahcylate on the coionar> flow of the intact heart of the 
cat, employing the Morowitz-Zahn cannula in then experiments They 
concluded that the slight increase in the coionary output which they 
observed following the injection of caffeine sodiobenzoate could satis- 
factorily be explained on the basis of the elevation in blood pressure 
Small doses of theobromine sodiosahcylate produced slight increase in 
the coronary flow, whereas wdien large doses w^ere mtioduced, there w'as 
a drop in the blood piessuie associated wuth a maiked augmentation of 
the flow through the coronaiy arteries Guggenheimer and Sassa 
studied the action of caffeine, theophylline and euphyllin on the coro- 
nary arteries of the isolated heart of the cat Caffeine in dilutions of 
1 25,000 increased the rate of coronar}’’ flow 41 pel cent Theophylline 
and euphylhn in similai concentrations pioduced a 40 and 80 per cent 

34 Hedbom Skandin Arch f Physiol 9 1, 1899 

35 Loeb Arch f exper Path u Pharmakol 51 64, 1903-1904 

36 Heathcot J Pharmacol & Exper Therap 16 327, 1920 

37 Sakai and Saneyoshi Arch f exper Path u Pharmakol 78 331, 1914- 
1915 

38 Guggenheimer and Sassa Khn Wchnschr 2 1451, 1923 
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inciease, lespectnely These investigatois attiibuted the change m the 
late of the flow of the pei fusion fluid aftei caflfeine and theophylline to 
the acceleration of the caidiac late, and pointed out that euphyllin did 
not elevate the heait late moie than 10 per cent The lattei piepara- 
tion vv'as thus i ecoininended thei apeutically in coionaiy disease because 
of Its inaiked dilating action 

We hav'^e compaied the action of euphyllin with that of caflfeine 
sodiobenzoate, theobiomine sodiosalicylate and theophylline in expeii- 
nients on the isolated heait of the rabbit in which the caidiac rate was 
conti oiled Caffeine sodiobenzoate in concentrations of 1 25,000 solu- 
tion had little if any effect on the caidiac late amplitude of contraction 
and coionaiy flow Theobiomine sodiosalicylate in dilutions of 
1 25,000 in most instances pioduced no change or even decreased the 
coionary flow When the concentiation of 1 50,000 was used, the rate 
of flow was slightl}'- acceleiated Theobiomine sodiosalicylate in either 
of these concentiations appaiently had no effect on the cardiac late 
In some instances the amplitude of contraction was diminished and 
associated with some inciease in tone 

Theophylline m concentiations of 11 25,000 and 1 50,000 increased 
the rate of coronary flow from 20 to 45 per cent The acceleiation of 
the caidiac late was not a piomment feature The gieatest increase in 
coionaiy flow was pioduced by the drug when there was no change in 
the caidiac late 

Euph}lhn 111 concentiations of 1 25,000 and 1 50,000 inci eased the 
rate of perfusion fiom 40 to 90 per cent It had a somewhat greater 
tendency to acceleiate the caidiac rate than did theophylline With both 
drugs, howevei , the increase in coronary output was independent of the 
acceleiating action on the heait, as was indicated by expeiiments m 
which unifoim cardiac late was maintained by ihythmical stimulation 

The v'aiiations in the results obtained m the investigations of the 
action of caffeine, theobiomine and theophylline on the coronary aiteries 
have appaiently been due to the difference m the concentration of the 
ditig employed The concentrations employed m our expeiiments weie 
similar to those used by Guggenheimer and Sassa and estimated to 
approximate the therapeutic dose m man In those instances in which 
higher concentrations weie employed, particulaily as 1 2,000, the results 
obtained weie probably due to the toxic action of the diug on the heart 
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The basal metabolism m vitamin B staivation has been much dis- 
cussed by vaiious workeis in lecent yeais Ibe eaibest article non 
available to us is that of Caspaii and Mos/.kowskO Aftei practical 
experience duimg lesearcb in New Guinea, Mos/kowski concluded that 
the so-called beiibeii of man is a disease of metabolism essentiall) due 
to the ingestion of polished iice, a Mew nbicb was contiadicted by other 
w'orkeis To verify this opinion, MosYkowski ofleied to make experi- 
ments on himself He w^as kept under obseivation by Caspaii and 
others About a month aftei the beginning of the iice diet, clinical 
symptoms began to appear, wdiich excntualK became significant The 
chief symptoms w^ere general wandeiing neuialgia, tenderness of the 
muscles and skin, especially of the calf muscles, Lasegue's sjmptom, 
paresthesia and numbness of the hands and feet, w'eakness and som- 
nolence, a sense of restiiction m the chest, lability of the pulse, edema 
of the feet, painful effusion of the tendon sheaths especially of the 
hands and ankles, and looseness of the knees The heart was slightly 
enlaiged to the light and maikedly to the left, extending 2 cm beyond 
the nipple line , this can be accounted for m pai t b) the marked eleva- 
tion of the diaphiagm The sounds w^ie dull e\er\w'here, the first 
sound at the apex being distinctly impuie the second pulmonic sound 
w^as accentuated The motor ner\e did not show' any direct reaction of 
degeneration , the knee and achilles i eflexes w ere active 

The clinical symptoms othei than those of the heait w'eie similar to 
those of the enteiotoxic polyneuritis of \on Noorden, especially as dur- 
ing the couise of the disease there w'as a seiere membranous enteritis, 
w'hich IS the chief clinical symptom in von Noorden’s disease A con- 
sideration of all the sjmptoms, especiallv those of the heart, and their 
prompt amelioration by the administration of the extiact of rice bran, 
led the observers to conclude that this w'as a case of beriberi 

In the course of the research, Caspaii and his associates found that 
the consumption of oxygen and the body weight diminished steadily 
This was true, however, only during the first period of the research 

From the Medical Clinic of Professor R Inada, Imperial University of 
Tokyo 

1 Caspari, W , and Moszkowski, M Weiteies zur Benberi-Frage, Berl 
klin Wchnschr 50 1515, 1913 
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Later a distinct increase was obseived in the consumption of oxygen 
An inciease in the hasal metaholism is known to occur only as the result 
of some mutation or intoxication To the first mechanism belongs also 
the product of internal secietion, such as that of the sexual and thyroid 
glands Research work on respiration has shown that a toxic or mu- 
tating substance may exist in an organism On the other hand, when 
experimented fed pigeons with eggs of the domestic fowl, salts and 
giape sugar for more than a month, the animals showed an increase in 
weight and were healthy They then added a sufficient amount of 
polished rice to this diet, and found that within varying periods poly- 
neuritis de\ eloped They concluded from the foregoing experiments 
that the development of beiiheri does not depend on deficienc)'’ in nutri- 
tion but on the piesence of a toxic substance, that is, on an intoxication 

Ramoino ■ found that by feeding pigeons exclusively with polished rice 
a rapid decrease of the respiiatory quotient occuired, but that it soon 
became normal when an extract piepared from rice bran was given He 
attributed this phenomenon to the lack of vitamin which has a catalytic 
action, and consequently to insufficient oxidation of the nutiitive sub- 
stances The accumulation of the intermediate catabolic products has 
an intoxicating effect on the tissues and causes the characteiistic symp- 
toms A review of Ramoino ’s piotocols shows that the body weight 
and consumption of oxygen of animals fed on polished rice were simul- 
taneously reduced The decrease in consumption of oxygen was in 
some cases neaily paiallel with the decrease in body weight, while in 
others it was more marked 

Abderhalden “ and his co-workeis made an extraordinary series of 
obsenations on the gas exchange of the entire animal as well as of 
isolated cells and tissues of pigeons suffering from alimentary dystiophy, 
and found that the gas exchange in both was markedly diminished 
The foodstuffs which prevent the appearance of the well known symp- 
toms after a diet consisting exclusively of polished rice, or which cause 
them to disappear, also cause cell respiration to be increased For 
example, m pigeons that w^ere fed exclusively on polished nee and 
showed lowered temperature and decreased gas exchange, the gas 
exchange increased promptly and the temperature became normal wffien 
a small amount of foodstuffs prepared from yeast oi rice bran w^as 

2 Ramoino, P Contributo alio studio delle alimentazioni incomplete 
Pathologica 7 101, 1915 

3 Abderhalden, E, and Schmidt, L Weitere Beitrage zur Kenntnis von 
organischen Nahrungsstoffen mit spezifischer Wirkung, III Mitteil , Pfluger’s 
Arch f d ges Physiol 185 141, 1920 Abderhalden, E IV Mitteil , ibid 187 ’ 
80, 1921 , V Mitteil , ibid 188 60, 1921 Abderhalden, E , and Wertheimer, E 
vil ]\Iitted , ibid 191 258, 1921 Abderhalden, E VIII Mitteil , ibid 191 
278 1921 , IX Mitteil , ibid 192 163,1921 Abderhalden, E , and Wertheimer E 
X Mitteil, ibid 192 174, 1921, XITI Mitteil, ibid 194 647, 1922, XVII Mitteil, 
ibid 195 460, 1922 
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administered The cells and tissues of pigeons which suffered from 
ahmentai}' dystrophy, and which showed a decrease m respiration, 
showed an immediate increase m the consumption of oxygen when the 
afoiementioned foodstuffs were added to the diet Fiom all these obseiva- 
tions. It was concluded that on a diet consisting exclusively of polished 
lice, the cell respiiation becomes pooi, and oxidation is lestncted 
Respiration also becomes longer and deeper in pigeons fed on iice 
Further reseaich also confiimed the obsenation that pigeons fed on 
nee show an increased sensibiht) to deficiency in ox}gen and increase 
111 caibon dioxide 

Hess and Messeile ^ made im estigations concerning the respiratory 
power of vaiious tissues of pigeons diseased fiom feeding on iice, and 
compared it with that of healthy jiigeons The diseased pigeons 
showed a marked insufficiency of respiiation in various tissues, espe- 
cially in the hi am 

Andeison and Kiilp found that m poultry fed exclusnel} on 
polished lice there was a loweiing of the basal metabolism and a decrease 
111 the consumption of food with loss in weight, and that in from thirty- 
eight to forty-foui days symiitoms of paralysis appeared Thej obseried 
that the heat pioduction of chickens, iihen calculated on the basis of 
kilograms of weight, deci eased from 3 calories during usual nourish- 
ment to about 2 25 calories pei kilogiam per hour dining vitamin starva- 
tion and polyneuritis A single administration of yeast extiact not onl} 
relieved the symptoms of pol} neiii itis, but also staited an extremely 
active metabolism Dining the first two or three veeks after recoier), 
the consumption of food was small, and there was little gam in weight 
The heat pioduction of the emaciated organism, hoiiever, was equal to 
that of the well nourished animal These authors found almost no 
difference in the value of the respiiatory quotient during Mtamin starva- 
tion and duiing noimal basal metabolism, this agrees with the results 
of Janson and Mangkoewinoto, but which differs fiom those reported 
by Ramoino 

Kinoshita ® found that giving pigeons food deficient in vitamin B 
caused a maiked diminution of the respiratory quotient duiiiig the later 
period of incubation and especially after the appearance of polyneuritis 
The consumption of oxygen increased, however, especially during the 
last stages of the disease as compaied with that of the peiiod of 
incubation 


4 Hess, W R Die Rolle der Vitamine im Zellmechanismus, Ztschr f 
phys Chem 117 284, 1921 Hess, W R, and Messerle, N UntersucUungen 
uber die Gewebeatmung bei Avitaminose, ibid 119 176, 1922 

5 Anderson, R J , and Kulp, W L A Study of the Metabolism and 
Respiratory Exchange in Poultry During Vitamin Starvation and Polyneuritis, 
J Biol Chem 52 69, 1922 

6 Kinoshita, R Ueber den Gaswechsel bei der Reiskrankheit des Geflugers, 
Tr Japanese Path Soc 12 186, 1922 
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Fioin this observation he considered that the ingredients which are 
oxidized as the soiiice of energy in the body of pigeons fed on iice must 
be othei than carbohydrate, although this is administei ed in sufficient 
amount This fact pioves the opinion of Ogata and his co-workeis that 
the Mtal point of the rice disease is a distuibance of the metabolism of 
caibohydiate as the result of vitamin B deficiency 

We ■ made an investigation m persons with mild cases of beriberi 
in which the basal metabolism was noimal or nearly normal, as w^ell as 
m healthy men, to determine whether any change occuis in the basal 
metabolism or in the vaiiation in the respiratory exchange during 
Mtamin B stauation The mam part of the diet consisted of well 
polished and thoroughly washed rice, and the additional foods weie free 
fiom vitamins but contained enough protein, fat and salts The basal 
metabolism deci eased during vitamin B starvation and rapidly became 
noimal after the administration of vitamin B preparations In vitamin B 
starvation we often found loss of appetite and decrease in consumption 
of food, but the low^eiing in the basal metabolism occurred befoie there 
was a change in appetite, consumption of food or body weight On 
account of the respiratory quotient, w'e could not find any definite change 
in metabolism during the course of vitamin B staivation, although it 
seemed somewhat likely to become lowei 

Groebbels ® determined the consumption of oxygen m white mice fed 
wuth polished rice He found that the increase m the consumption of 
oxygen and body weight during the fiist period of vitamin starvation 
was accompanied by a deciease in both during the following period He 
called these tw^o pei lods the avitaminosis period and the starvation period 
He attributed the foimer to insufficiency of vitamin and the latter, not 
directly to aMtaminosis, but to the secondary disturbance of metabolism 
of protein and salts following vitamin starvation 

Knippmg and Kowitz ^ made an experiment on human subjects suf- 
feimg from scurvy by administering food autoclaved three hours at 
130 C They found a maiked increase m the basal metabolism when the 
food contained vitamins After the administration of vitamin prepaia- 
tions, a diminution of metabolism was observed m all cases 

7 Okacla, S , Sakurai, E , Ibuki, T , and Kabeshima, H On the Basal 
Metabolism m Vitamin B Starvation and m Beriberi, Ikai Jiho no 1479 (Nov 4) 
1922, Japan M World 3 102 (May IS) 1923 

8 Groebbels, F Studien uber das Vitaminproblem I Mitteil , Unter- 
suchungen uber das Gasstoffwechsel avitammotisch ernahrter weisser Mause, 
Ztschr f phys Clicm 122 104, 1922, Klin Wchnschr 1548, 1922, II Mitteil , 
Untersuchungen uber den Emfluss der Vitaminzufuhr und des Hungerns auf 
Gasstoffwechsel, Gewicht und Lebensdauer vitamin frei ernahrter weisser Mause, 
Ztschr f ph 3 'S Chem 131 214, 1923, III Mitteil, Weitere Untersuchungen 
uber den Emfluss der Vitaminzufuhr auf Gaswechsel, Gewicht und Lebensdauer 
vitaminfrei ernahrter weisser Mause, ibid 137 14, 1924 

9 Knippmg and Kowitz Untersuchungen uber die Avitaminose beim 
Menschen, Munchen med Wchnschr 70 46 (Jan 12) 1923 
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Contrary to the observations of pievious workers, Magne and 
Simonnet^® found that in pigeons neither the lespiratory quotient nor 
the consumption of oxygen changed as the result of vitamin starvation 
Bickel and his co-woikers made numerous experiments on animals 
to determine the metabolism in vitamin starvation Bickel concluded 
fiom these investigations that the nutation period of avitaminosis, as 
he calls it, during which there may be an inciease in body weight, is not 
long, and that two phenomena soon appeal a decrease m consumption 
of oxygen and the invasion of the blood b) sugar and fat as a conse- 
quence of the evacuation of glycogen and fat, both being an expression 
of a poweiful stuff mobilization The decrease in consumption of oxygen 
and body weight is obseived when sufficient calories of food are 
absorbed Bickel finds the absorption of food even gicalei during pro- 
longed vitamin starvation than dining a noimal peiiod when there are no 
disturbances of the stomach and intestine From these observed phe- 
nomena it IS clear that the decreased consumption of oxygen is a primary 
symptom of avitaminosis, and that it has nothing to do with the dis- 
tui bailee of absoiption m the intestinal tiact, that is, with undernutntion 
or hungei The oxidation of piotem and fat has been proved to increase 
during vitamin starvation, and this wuth letaidation of sugar catabolism 
causes a loweiing of the lespiiatoiy quotient The intake of oxigen 
and the elimination of caibon dioxide arc diminished, and as the protein 
catabolism continues in an almost normal manner, so that increased 
consumption of oxygen is lequired because of the inci eased protein 
catabolism and also because of the intermediate metabolism, at least in 
the usual i elation of avitaminosis, evidences of disturbance in the oxida- 
tion of fat ai e not perceivable , on the contrai 3 , an increased and continu- 
ous fat catabolism occui s m the w'hole organism Sugar catabolism must 
go on wuth deci eased consumption of 0x3 gen and consequent deciease 
in the elimination of carbon dioxide Notwithstanding the inci eased 
piotem and fat catabolism, the basal metabolism, measured by gas 
exchange, is distinctly diminished This is the case in actual aiitami- 
nosis, in which food containing enough calories of piotem, tat and 
carbohydrate is thoroughly absorbed This is possible onl3 wdien the 
oxidation of sugai, and, as a lesult, the pioduction of carbon dioxide, 
are exti aordinarily restiicted, and necessitate an inciease in the con- 
sumption of oxygen and protein and probably of fat, accompanied b\ 
an increase in the pi oduction of cai bon dioxide thi ough oxidation of sugar 
As carboh3'-diate is also thoroughly absoibed, the dysoxidizable 

10 Magne, H , and Simonnet, H Sur les variations du quotient respiratoirc 
chez le pegeon carence, Bull Soc de chem biol 4 419, 1922 

11 Bickel, A Das Wesen der Avitaminose Nach experimenteller Unter- 
suchungen uber die Abmagerungsform dieser Krankheit, Biochem Ztsclir 146 
493, 1924, Weitere Untersuchungen uber den Stoffwechsel bei der Avitaminose, 
ibid 166 251, 1925 
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products thus must accumulate m the body or may be eliminated m the 
uiine Uimal 3 '^sis shoAved that by avitaminosis the dysoxidizable caibon 
of the urine inci eases, and, notwithstanding the excretion of nitrogen, 
IS at fiist unchanged, and later increased, and that the urine quotient — 
caibon nitrogen — becomes higher In the middle period of the disease, 
peihaps accompanied by the elimination of fat, the quotient is especially 
high, showing some deciease at a later stage, but it is always patho- 
logically high The increase of lactic acid m the urine during avitami- 
nosis IS slight and cannot explain the maiked inciease in the quotient 

Yanagi determined the consumption of oxygen of rats and human 
subjects m vitamin staivation, m general, he found a significant 
decrease, with nioie oi less fluctuation When the animals were fed 
with diets containing some but not a sufficient amount of vitamins, the 
bod} AA eight inci eased during the first tAvo or three wrecks, folloAved by a 
deciease later The consumption of oxygen, hoAA’-eA’^er, AA^as diminished 
Avhen the body Aveight still continued to increase, and became more sig- 
nificant and especiall} marked Avhen paralysis developed During the 
last peiiod, it sometimes tended to increase again After the administra- 
tion of AUtamm B preparations, the consumption of ox}gen increased 
promptl} Avith appetite and body AA^eight if the paralysis Avas not too 
exti erne 

Goh obserA^ed the gas exchange m pigeons during the course of 
relative insufficiency of vitamins These pigeons shoAved symptoms of 
aAitammosis for from one hundred and thirty-one to tAvo hundred and 
tAA'enty-foui days after the beginning of the special diet The lespira- 
tor} quotient giadually became loAver during the period of incubation, 
about tAACnty days before polyneuritis appealed During the period 
of pol}neuiitis it became especially Ioav, in all cases being less 
than 0 7 The intake of ox}gen, hoAveA'^er, Avas unchanged oi increased 
The authoi concluded fi om this result that in avitaminosis the oxidation 
of caibohydrate is extremely disturbed 

Odaira repoi ted that the basal metabolism becomes loAver m the 
couise of vitamin poor alimentation, although there is not a significant 
deciease, and again becomes higher Avhen caidiOA'-ascular symptoms 
become marked 

To summarize The important observations on the gas metabolism in 
vitamin B starvation are that a decrease occuis in the consumption of oxy- 
gen as Avell as m the pioduction of carbon dioxide, that is, a loAA^ering 
of the basal metabolism, in some instances, there is a marked decrease 
in the elimination of caibon dioxide, that is, a diminution of the respira- 
tory quotient In levieAving the piotocols, hoAvever, the obserA^ations do 

12 Yanagi, K The Oxj^gen Consumption in Vitamin B Starvation, Nippon 
Naika Gakukwai Zasslii 13 189, 1925, Nippon Seikagakukai Kaiho 1 SO, 1926 

13 Goh, T Nippon Byori Gakulavai Kaishi, 15 469, 1926 

14 Odaira, T Nissin Igaku, 15 1659, 1926 
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not coincide, some even contiadict each othei , this is due perhaps to 
the conditions of the experiments and to the methods applied, but the 
most important factor is the difference m the materials employed Per- 
haps we were the first to attempt a systematic investigation of gas 
metabolism m human beings dining vitamin B stanation, although it 
was leporled previously m one case by Caspari and MosA'ow ski A 
detailed description of our observations therefoie does not seem super- 
fluous 

We made ti\o senes of investigations, one to determine the influ- 
ence of vitamin B starvation on the basal metabolism in beriberi, the 
other to determine, if possible, whether any deviation in the gas metab- 
olism may occur during the course of Mtamin B stanation in normal 
persons 

METHOD 

The material sUiclicd consisted of four patients with tjpical sjmptoms of 
beriberi and fnc healtln men The patients with beriberi were examined 
carefully, and no complications were found with the exception of some parasites’ 
eggs in the feces The healthy subjects \oluntccrcd for the experiment The 
diet for the patients with benben during the experiment was especialh restricted 
The mam food consisted of well polished and thorouglilj waslicd rice, the 
aiipplcmentarj food consisted of beef, koeadoui, kon\aku, fukujinzuke, lard, 
cane sugar, wheat meal, miso, soja and salts The beef was boiled for two hours 
with 12 per cent caustic soda, it was then neutrah/cd to a faintly acid reaction 
with acetic acid, and boiled Koinaku was auloclased from tv o to three 
hours at from 130 to 170 C Food was selected which contained enough protein, 
fat, carbohjdratc and salts Tlic meals were then adjusted to obtain the proper 
number of calories For example, m case 1, breakfast consisted of 300 Gin of 
boiled rice, 30 Gm of miso, 10 Gm of fukujinzukc and one piece of kojadofu, 
lunch consisted of 300 Gm of boiled rice, one piece of kojadofu, 5 Gm of 
sugar, 20 cc of soja and 10 Gm of fukujinzukC and dinner consisted of 300 Gm 
of boiled rice, 100 Gm of beef, 10 Gm of lard, 10 Gm of wheat powder, 10 Gm 
of fukujinzukt and 10 Gm of salt, a total of 1,850 calorics The amount of 
protein in these meals was 793 Gm , fat, 253 Gm , and carbohjdratc, 315 Gm 
Vitamin B, however, was almost completely lacking, winch was pro\cd also by 
feeding pigeons with a pulverircd mixture of these foods, as a consequence, a 
tj'pical paralysis and convulsion occurred Vitamin A (biosterin) w'as adminis- 
tered in liquid form Three of the hcalthj subjects were fed on a relatuelj 
restricted diet, and all showed tjpical sjmptoms of aMtaminosis after a period 
of incubation Two others were fed on a slightlj restricted diet which was not 
much different from the usual diet in the wards After an obscr\atton of 
eighlj'-five and one hundred and tw cntj^-thrcc daj's, rcspectivelj', no semptoms 
were seen Therefore, in these last two cases, although the Mtamm B content 
was not rich, it was not deficient 

The metabolic rates were obtained bv the gasometer method w'lth analjsis of 
the expired air bj the Haldane gas analjais apparatus The technic of Boothby 
and Sandiford was followed 


REPORT or CASES 

Case 1 — B S, a youth, aged 15 years and 2 months, entered the hospital w-itli 
a condition diagnosed beriberi His famih history was unimportant He had 
had measles when a child, appendicitis at the age of 9, and some febrile disease 
at the age of 13 had confined him in bed for about one hundred days 

In the beginning of January, 1922, he felt numbness of the legs On the 
29th of that month, he w'as suffering from a cold, he had a mild headache and 
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a cough, his temperature was 39 C (102 2 F ), and he was confined to bed 
The fever continued until the middle of Februar}’^ The numbness and hj^pesthesia 
extended up to the abdomen Paralj^sis of the lower limbs developed, and the 
patient was unable to valk, but as the arms were not affected, he continued in 
his occupation (book-binding) On May 3 he visited the dispensary, and two 
da 3 S later he was admitted to the hospital 

Examination revealed a well nourished and Mgorous man of medium height, 
somewhat pale The pupillarj' reflexes were normal The teeth and tonsils 
were m good condition The tongue rvas rather dry and furred Neither fever 
nor edema was present The pulse rate w^as SO, it was strong, regular and 
moderateh resistant to presure The thjroid gland was somew'hat enlarged 


Table 1 — Metabohsm Data on Patient with Beiibcit (Case 1'^) 
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• B b , boi, attd lo jeirs and 2 months, 156 2 cm in height 


There w'as a slight dulness o\er the right side of the collarbone The heart was 
enlarged on both sides, the area of absolute dulness reached to the right sternal 
margin, to the upper margin of the fourth rib and the line of the left nipple The 
S3stolic sound at the apex was somewdiat impure, and the second pulmonic sound 
was slightly accentuated The crural sound w’as rustling, and brachial sound w^as 
low' and dull The abdomen was somewhat distended The liver was palpable 
two fingerbreadths under the costal arch and somewdiat tender There w'as no 
numbness, the arms were not affected, talipes equinus w'as present, motility of 
the low'er limbs, especially the act of raising them, w'as impaired Hypesthesia 
and Inpalgia of the legs and the dorsa of the feet were noticeable, these areas 
were partly anesthetic The sole was free from disturbances of sensibility The 
knee and achilles reflexes were present The cremasteric reflex w'as positive The 
blood count showed 4,828,000 red blood cells, 80 per cent hemoglobin and 6,800 
leukocytes, of which 45 2 per cent were polymorphonuclear neutrophils, 36 per 
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cent 1} mpliocytes, 84 per cent eosinophils and 104 per cent mononuclears and 
transitory forms The blood pressure was right side, systolic 141 and diastolic 0, 
left side, systolic 142 and diastolic 0 

The mam clinical observations after vitamin B stanation (ten dajs’ duration) 
were no marked change in weight, edema (±), no variation m the quantity of 
urine, loss of appetite since the fifth day and nausea on the sixth day Ihcre vas 
tenderness of the calf muscles before vitamin B starvation, which increased on 
the ninth to the eleventh da> The pulse rate had gradiiallj increased since the 
third day, on the sixth day it was 126, on the tentli day 108 and on the fifth da> 
distinctly dicrotic The blood pressure just before the patient was placed on a 
restricted diet was right side, systolic 129 and diastolic 50, left side, systolic 132 
and diastolic 62 On the third dav the diastolic pressure began gradually to 
decrease, on the right side it was sjslolic 131 and diastolic 0, on the left, 
systolic 134 and diastolic 0 If the intcnsitj of the crural sound before vitamin B 
starvation is expressed as +, on the sixth day it was +4- nod on the ninth 
+++ The brachial sound before the beginning of the restricted diet was — , 
on the sixth day and after vitamin B starvation, it was + On the sixth day the 
patient became dyspneic, the heart was somewhat enlarged on both sides, there 
was accentuation of the second pulmonic sound, and the sjstohc murmur was 
louder The chief changes were loss of appetite, grcatlv increased tenderness 
of the calf muscles, increased pulse rate (124), decrease m diastolic blood pressure, 
sharp crural sound and dicrotism All these svmptoms were significant!} 
ameliorated after a vitamin B preparation was administered 

The average basal metabolism at the time the patient was on his usual diet 
was -\-02 per cent During the nine davs of the first experiment with v itamm B 
starvation, this average was — 163 per cent, and during the period of administra- 
tion of orjzaiiin it was — 5 per cent During the ten dajs of the second experi- 
ment with vitamin B starvation, the average metabolism was — 19 8 per cent, and 
during the last period with vitamin B starvation or the usual diet, it was — 76 
per cent 

CvsE 2 — K K, a man, aged 25, single, entered the hospital with a condition 
diagnosed beriberi His paternal grandmother had died of apoplexy at the age 
of 72, his father had died of nephritis at 69, and his mother had died of an 
unknown disease at 63 The patient had four brothers and sisters, all of whom 
were health} A nephew had died of acute decompensation (cardiac form 
of beriberi) The patient had had measles when a child, otherwise he had 
alwa}s been hcalthv In June, 1926, he rcturnc'd from militarv service, and resumed 
his work as a peasant His mam food was polished rice During the latter part 
of August the patient felt numbness of the legs, weakness of the calf muscles, 
especially when walking, and looseness of the knee joints, so that he tired readily 
Edema appeared over the tibia and the dorsa of the feet In the middle of 
September palpitation and d}spnca appeared on mov'ement, and he was unable to 
walk On September 16 the symptoms were aggravated, and decompensation 
appeared, accompanied by oppression, nausea, eructation and vomiting He 
became unconscious, from which state he fortunatel} recovered On November 
6 he again had decompensation and was confined to his bed for about thirty 
davs He could walk a little during the latter part of December In March ot 
this year he again worked in the field, after which he felt weak and noticed 
edema He was admitted to the hospital on June 3 

Examination revealed a well nourished and vigorous man of medium height 
A slight cyanosis of the lips and fingertips was present The pupillary reflexes 
were normal The tongue was moist and slightly furred He had a tremor 
The pulse rate was 75, it was regular and moderately resistant to pressure The 
blood pressure was 126 systolic and 62 diastolic, and did not indicate that scelosis 
was present Respiration was 22, regular and of the costo-abdonnnal t} pc Expira- 
tion at the right apex of the lung was somewhat prolonged and high pitched The 
apex beat was diffuse and heaving (The left border of the heart was one-half 
fingerbreadth inside of the nipple line ) The systolic sound at the apex was 
somewhat dull, the second pulmonic sound was slightly accentuated and if it 
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occurred coincident with expiration, it was split The crural sound was audible 
The gait was wide and waddling There was hypesthesia from the costal arch 
and from the middle of the back downward The epigastric and cremasteric 
reflexes were positive Knee and achilles reflexes were present The tenderness 
of the calf muscles was significant Edema was not present Urinalysis showed 
a specific gravity of 1,027, and a urine the color of beer and slightly alkaline 
The sulphosalicyhc test was opalescent , the indican test was negative The 
blood count showed 5,740,000 red blood cells, 95 per cent hemoglobin and 7,500 
leukocytes, of which 67 5 per cent were polymorphonuclear neutrophils, 21 per 
cent bmphocytes, 8 per cent eosinophils, 05 per cent basophils and 3 per cent 
mononuclears and transitory cells 

The mam clinical observations after vitamin B starvation (seven days’ dura- 
tion) were A slight decrease in weight, edema, a sudden decrease m the quantity 
of urine from 1,600 cc to 200 cc The patient lost his appetite on the fifth day, 
and nausea and vomiting occurred three times on the sixth day Flaccidity and 
tenderness of the calf muscles appeared The pulse rate had gradually increased 


Table 2 — Mctahohsm Data on Patient with Bcuben (Case 2^} 
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* K K , imn, aged 2', I'O 3 tm in height 


since the fourth day, on tlie sixth day it was 110 The blood pressure before 
the patient was placed on a restricted diet was 116 systolic and 30 diastolic on 
the right side, and 109 systolic and 68 disastohc on the left, on the fifth day it 
was 99 sjstolic and 0 diastolic on the right, and 99 systolic and 40 diastolic on 
the left The crural sound became sharp , the brachial sound before the restricted 
diet was not heaid, on the fifth day it was audible Palpitation before \itamin B 
starvation did not occur, on the fourth dav there was palpitation CAen when 
the patient vas in bed The heart was someivhat enlarged The chief changes 
were diminution in the quantity of urine, loss of appetite, vomiting, increased 
pulse rate and sharp crural sound 

The average basal metabolism diminished during vitamin B starvation When 
the patient was on his usual diet, the average basal metabolism Avas -f4S 
per cent, during the seven dajs of the first experiment Avith vitamin B starvation, 
this average Avas — 4 8 per cent, and during the period of vitamin B medication 

jt -was 2 5 per cent During the second experiment, Avhen the patient did not 

receive any vitamins, the average metabolism Avas — 12 1 per cent, and Avhen he 
receiA^ed a vitamin B preparation or the usual diet it Avas — 2 8 per cent 

3 s A , a man, aged 22, Avas admitted to the hospital Avith a condition 

diagnosed beriberi His family history was unimportant He had had measles 
Avhen a child and had been vaccinated many times During the latter part of 
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April, 1926, the patient suffered from distention and a full sensation at the epigas- 
trium, sometimes nausea, vomiting and pain in the region of the stomach The 
appetite %\as deficient About the middle of May he returned to his home, and 
the sjmptoms became milder lie was admitted to the hospital on July 30, 
after his s\mptoms had been more severe for five or six dajs 

Examination revealed a veil nourished and vigorous man, somewhat small, 
the subcutaneous fat tissue was well developed, and the expression was natural 
He had cjanosis and tremor at the fingertips The tongue vas moist and coated 
Dcrmograpln was present The pulse was normailj resistant to pressure, strong 

TAiur 3 — Metabolism Data on Patient with Beriberi (Case 3*) 
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* S A , man, aged 22, 1 jS 7 cm in heigiit 

and regular, the blood \esscls were neither sclerotic nor tortuous The respiration 
was of the costo-abdommal tvpe The apcK beat w'as scarceh noticeable, one 
fingerbreadth inside of the nipple line in the fifth intercostal space The area 
of absolute dulness extended from the left sternal margin to the upper edge of 
the fourth nb and the line of the left nipple , the area of relative dulness 
extended from the right sternal margin to the upper edge of the third nb and 
half a fingerbreadth outside of the nipple line At the apex the first sound was 
impure, the second pulmonic sound w’as accentuated and split (by inspiration) 
The crural and brachial sounds w'cre not distinctly audible The knee reflexes 
were weak, and the achilles reflex was present Motihtj w'as not affected 
During the latter part of April hypesthcsia appeared, and in June it extended from 
the toes to the middle of the abdomen The sole of the foot was not affected 
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The mam clinical observations after vitamin B starvation (twenty-two daj's’ 
duration) were a slight decrease in weight (about 1 Kg ) , absence of edema 
and slight variation in the quantity of urine The patient was constipated (once 
for four days) , he lost his appetite on the fifth day, general flaccidity and 
dulness had been present since the sixth day and numbness since the fourth day 
There was no marked change in the pulse rate , the blood pressure was without 
significance The crural sound had been noticeable since the seventh day and 
the brachial sound since the tenth day The chief changes were constipation, 
increased tenderness of the calf muscles and exaggeration of the vessel sounds 

Tlie average basal metabolism during the time the patient was on his usual 
diet was — 1 per cent, during vitamin B starvation — 185 per cent and during 
the time of \itamin B medication or when the patient drank milk — 61 per cent 

CvsE 4 — M O, a man, aged 22, was admitted to the hospital on Aug 17, 
1926, with a condition diagnosed beriberi The family history was unimportant 
The patient had had measles when a child and had been vaccinated may times 
At the age of approximately 10 years, he suffered from pleurisy after falling 
from a tree At the age of 19, he suffered from influenza and was in bed for 
about three days Both tonsils had been removed m 1926 Defecation occurred 
once everj day Early in June he had felt numbness and heaviness of the 
dorsa of the feet, and m the beginning of August there was numbness of 
the fingertips The looseness of the knee caused him to fall He did not experi- 
ence thirst, but he perspired occasionally, and there was no edema 

The patient was moderately nourished, his expression was natural He 
was not anemic The tongue was clean, moist and without tremor The face 
and the body were dry, but the dorsa of the feet were moist The pupillary 
reflex was positive Respiration was of the costo-abdommal type There was 
no sclerosis of the vessels The apex beat was in the fifth intercostal space 
on the nipple line The area of relative dulness extended from one and 
one-half fingerbreadths outside of the right sternal margin to the upper edge 
of the third nb and half a fingerbreadth beyond the line of the left nipple The 
second pulmonic sound was accentuated, and the first sound at the apex was 
impure The crural sound was sharp but not loud, with a murmur , the brachial 
sound was audible with a murmur The right arm was somewhat weaker than 
the left The mucous membrane was not affected Knee jerks were present, 
the achilles reflex on the right side was doubtful, on the left, absent The calf 
muscles, especially on the inner side, were somewhat hard , there was no edema or 
glandular swelling, the right kidney was palpable Urinalysis showed specific 
gravity, 1 031 , a reddish-yellow and acid urine, no protein or sugar, indican -}-+ 
In the blood, there were 4,590,000 red blood cells, 90 per cent hemoglobin and 
5,200 leukocytes, of which 53 2 per cent were polymorphonuclear neutrophils, 
36 5 per cent lymphocytes, 6 2 per cent eosinophils, 0 2 per cent basophils and 4 7 
per cent transitory cells 

The mam clinical observations after vitamin B starvation (thirteen days’ dura- 
tion) were a slight increase in weight during the beginning, no edema, no 
variation in the quantity of urine, defecation once a day until the third day, when 
constipation and loss of appetite occurred Tenderness of the calf muscles since 
the third day was -f, and since the tenth day -f+ The chief changes were 
constipation, loss of appetite and tenderness of the calf muscles 

The average metabolism during the times the diet was free from vitamin B 
and the patient was receiving vitamin B preparation was -f 2 5 per cent , during 
vitamin B starvation it was — 13 7 per cent and with vitamin B preparation or 
with milk it was — 58 per cent 

From the foregoing descriptions it can be seen that the four patients 
with beriberi always showed moie or less aggravation of symptoms after 
vitamin B starvation, especially when the cardiovascular system was 
mainly involved (cases 1 and 2) The danger of decompensation made 
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furthei continuance of the avitaminous alimentation dangerous In all 
cases the basal metabolism showed distinct decrease dm mg vitamin B 
staivation (without vitamin or with autoclaved, that is, destroyed vita- 
min) and increase after the addition of vitamin The lespiratory 
quotient showed no remaikable change dining the course of the 
vitamin B starvation There was loss of appetite in all cases, and the 
intake of food was diminished, but the decrease in basal metabolism 


TAiiir 4 — Metabolism Data on Patient until Bciibcri (Case 4*) 
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*510, man, need 21, ICl cm in height 


was proved to occui at the time when the intake of food was still 
sufficient, oi when a great deal of nouiishment was taken on the previ- 
ous day The body weight was slightl)’’ diminished in one case (1 Kg ), 
while 111 others theie was some increase, partly the lesult of edema 
Theiefoie decrease in basal metabolism is not to be attributed to simple 
staivation, it seems to have an intimate i elation to deficiency in vita- 
min B The foregoing experiments aie not sufficient to decide this 
question, healthy persons should be subjected to long continued vita- 
min B starvation until typical symptoms of avitaminosis develop, and 
the vaiiation in basal metabolism should be noted As we found that a 
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diet which induces avitaminosis soon causes a loss of appetite, it seems 
reasonable to arrange a diet which is slightly restiicted, but which does 
not contain sufficient vitamin B The reseaich in cases 5 to 9 was 
earned out for this puipose 

Case 5 — S A , a man, aged 25, single, a healthy peasant, whose family 
history was unimportant, had had measles when a child, and had been vaccinated 
manv times His history was not suggestive of beriberi He took sake 
(Japanese wine), about two glasses (400 cc ) occasionally, and used tobacco 
(twenty cigarets a day) 

The patient was well nourished and vigorous and of medium height Tne 
pupillary reflexes were normal The tongue was moist and clean, and the left 
tonsil was somewhat enlarged The pulse rate was 72 , it was regular and moder- 
ateh resistant to pressure Respiration was 19 and was costo-abdommal m type 


Table 5 — Metabolism Data on Healthy Patient (Case 5 '') 
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* S A , man, aged 20, 150 5 cm in height 


The right apex was somewhat dull , expiration was prolonged The area of abso- 
lute dulness extended from the midline to the lower edge of the fourth nb and one 
fingerbreadth inside of the line of the left nipple, the area of relative dulness 
extended from the right sternal margin to the lower edge of the third nb and just 
inside of the nipple line The liver was palpable, but no abnormalities were found 
Sigmoidea was also palpable The abdominal and cremasteric reflexes were 
normal The knee and achilles reflexes were slightly exaggerated Urinalysis 
showed specific gravity 1 019 The urine was slightly acid , it did not contain 
protein, sugar or indican, but a moderate number of granulated casts, leukocytes, 
tailed and pavement epithelia were found Eggs of parasites (Ankylostoma, 
Tiichosti ongylus ouentahs and Tuchocephalus dispai) were present m the feces 
Beginning Dec 13, 1923, a vitamin poor diet was administered For example, 
the breakfast consisted of 500 Gm of boiled rice, 30 Gm of miso, 400 cc of tea 
without sugar , lunch consisted of 500 Gm of boiled rice, 35 Gm of tofukara, 
15 Gm of onion, 4 Gm of aburage, 7 cc of soya and 200 cc of tea, dinner 
consisted of 500 Gm of boiled rice, 50 Gm of green vegetable, 1 5 Gm of fish, 
15 cc of soya, 3 Gm of sugar and 500 cc of tea The rice was continued 
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every day in the same way , the accessory diet was changed somewhat, but within 
the limitations every day 

About the end of January, 1924 (about forty dajs after the patient was first 
placed on the vitamin poor diet), slight symptoms began to appear, such as 
tenderness of the cahes, slight cramp m tlie right knee and slight heartburn 
In the beginning of February the symptoms became especiallj significant The 
heart was enlarged to the left (on the left border the area of absolute dulness 
was half a fingerbreadth inside of the nipple line, the area of relative dulness 
was at the nipple line) A systolic murmur was marked at the apex and tneus- 
pidal ostium, the second pulmonic sound was slightl> accentuated and split 
When the patient was in the recumbent posture, the second pulmonic sound was 
distinctly accentuated , the systolic murmur was audible m all valve areas, being 
especially marked at the apex and in the tricuspid area Tlicre was slight 
edema of the face and over the tibia, wdneh from time to time became moderate!} 
significant Transient tenderness of the ribs (from the seventli to the tenth) was 
also observed On March 1, h}pesthcsia appeared on the inner side of the legs 
The heart w'as enlarged on both sides and to the upper border Tlie crural 
sound w^as sharp Weakness of the leg w'as noticed, but there was no dis- 
turbance of motility or coarse motion Symptoms of the stomach and the intestine 
were not significant The pulse rate was 72. it was regular, not soft and not 
fast In the middle of March s}mptoms, such as a full sensation and heartburn 
appeared Beginning on March 20, Mtamin B preparation was administered 
When the patient was sitting, the area of absolute dulness extended from the 
right sternal margin to the lower edge of the third rib and one-half fingerbreadth 
outside of the nipple line The first tricuspidal and apex sound was impure and 
loud, the second aortic sound w'as accentuated With \itamm B administration, 
there began to be relief from the s}mptoms On April 10, tlie apex beat was 
one fingerbreadth inside of the line of the left nipple, the right border and 
the upper border w'ere just as before, and the leB border was just inside 
(absolute) and just outside (relatnc) of the nipple line The heart sounds 
were all pure, the first aortic and tlie pulmonic sound were split The liver was 
palpable one fingerbreadth under the right costal arch The knee and achillcs 
reflexes were exaggerated as before Chaddock’s sign was negatnc, there w’as 
no tenderness of the calves or edema There were no disturbances of sensibilit} 
and no abnormalities in the urine 

The average basal metabolism when the patient was on his regular diet was 

4 per cent , in vitamin B starvation it w’as — 81 per cent, and w ith \ itamin B 
medication, or when the regular diet w’as resumed, it was +114 per cent 
During the period of vitamin B starvation, there was a distinct lowering of the 
basal metabolism 

Casc 6 T N , a man, aged 28, was a healthy person whose family history 
was unimportant The patient had had measles w’hen a child, and had been 
vaccinated many times At the age of 17, he had had syphilis and gonorrhea, but 
was not treated The next year, he suffered from diphtheria, and thereafter w'as 
inclined to pharyngeal inflammation He had also suffered from pneumonia about 
ten years before, from a disorder of the stomach about six jears before and 
from typhoid fever in June, 1926 He took Japanese wine occasionally (200 cc) 
and used tobacco moderately He had suffered from hernia ingumalis sinistra 
since childhood He did not cough and did not raise sputum He had worked 
at norf'c as a peasant since childhood He had not been in military service 

The patient was a w’ell nourished and vigorous man somew’hat short His 
expression was natural Moderate cyanosis and anemia were present The 
tongue was moist and clean , the arch of the palate was congested The muscles 
were well developed The pulse rate was 82, it was rather low, soft and regular 
Respirahon was of the costo-abdominal type The pupillary reflexes w’ere normal 
The right apex w’as somewhat dull , expiration was sharp and prolonged , there 
was sparse crepitation at both apexes The area of absolute dulness w’as from 
the midline to the lower edge of the fourth rib and one and one-half finger- 
breadths inside the nipple line , the area of relative dulness extended from the 
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right sternal margin to the lower edge of the third nb and one-half fingerbreadtli 
inside of the nipple line The first sound at the apex w^as hollow^ When the 
patient was in a recumbent posture, a slight s 5 ''stohc murmur w'as audible at all 
vahe areas The second pulmonic sound was accentuated and split The blood 
pressure w'as 108 systolic and 40 diastolic Sensibility and motility were not 
affected There was nothing unusual about the abdomen The knee jerks were 
exaggerated, and the achilles reflex w'as normal There w'ere no abnormalities in 
the urine Eggs of Ankylostoma and Ascaiis were detected m the feces The 
blood count show'ed 5,700,000 red blood cells, 65 per cent hemoglobin and 5,700 
leukocytes, of w’hich 62 per cent w^ere polj'morphonuclear neutrophils, 38 6 per 
cent Ivmphoc} tes, 4 8 per cent eosinophils, 0 4 per cent basophils and 2 4 per 
cent mononuclears 

Beginning Nov 23, 1923, vitamin poor diet w’as administered as in case 5 

In the middle of December the patient complained of heartburn, eructation 
and a feeling of palpitation m the region of the stomach He felt disgusted and 


Table 6 — Metabolism Data on Healthy Patient (Case 6') 
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• T X, nnn, nged 2S, l'>3 cm in height 


nauseated when he saw" food In the middle of Januarj", 1924, when he touched 
himself while bathing, the patient had a sensation as if paper had been draw"n 
across the inside of the low-er part of the legs and under the umbilicus He 
complained of a looseness of the knee and slight bladder tenesmus The symp- 
toms of avitaminosis had become evident The cahes ached when he w^alked or 
w'hen he moved his hip joints, and the stretching and bending powder of the 
knee w"as weakened During the latter part of January, the symptoms developed 
significantly The patient complained of continued nausea, tenderness of the 
quadriceps and gastrocnemius, neuralgic pain and tenderness of the intercostal 
spaces and of the outer part of the upper part of the legs He had developed a wide 
gait, and the raising of the toes W"as difficult Slight edema appeared o^er the 
tibia The patient complained of palpitation, the pulse rate w"as strong and 
fast, about 120 w'hile the patient w"as sitting Carotid pulsation when the patient 
W'as in a recumbent posture was significant The liver w'as palpable one finger- 
breadth under the right costal arch The area of absolute dulness 0 5 cm 
extended from the right of the right sternal margin to the low'er edge of the third 
rib and the line of the left nipple, the area of relative dulness extended from 
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one fingerbreadth to the right of the right sternal margin to the upper edge of 
the third rib and 0 5 cm outside the nipple line The first sound at the apex 
was impure and weak , a systolic murmur was noted at the pulmonic ostium, and 
the second pulmonic sound was accentuated and split The crural sound uas 
sharp and accompanied by a systolic murmur Plantar flexion of the right foot 
was somewhat weakened , dorsal flexion on both sides as u eakened The knee 
jerks on both sides were exaggerated Beginning January 30, \itamm B prepara- 
tion was administered The sjmptoms became less marked, and on klarch 11, 
the heart border showed absolute dulness from the right sternal margin to the 
upper edge of the third rib and one fingerbreadth outside the nipple line At 
the apex, the first and second sounds were hollow, the second pulmonic sound 
was split, but was no longer accentuated At the beginning of April all symptoms 
were markedly ameliorated, and on the 21st of that month the patient left 
the hospital 

The basal metabolism at the time the patient was on his regular diet was 
-h 2 3 per cent, during Mtamm B stare ation it was — 7 3 per cent, with eitamin B 


Tabli: 7 — Mctahohwi Dala on Healthy Patient (Case 7'^) 


Date, 

'Weight 

in 

Bodj- 

Sur- 

tneo 

(Du- 

Res 
pirn 
Pulse tion 

Ros- 

pira 

lory 

(3uo 

Calo- 
ries : 
per Sq 
Meter 

Ba'nl 

5Ictnbol!c Tern- 
Rate pern- 
(Dii tore 

Diet and Medication 

1923 

Kg 

Bois) 

Rato Rate 

tlcnt 

per Hr 

Bols) 

C 

of the Prc\ ious Daj 

12/ 2 

'll '> 

1 57 

74 

10 

0 82 

no 

1-5 3 

35 8 

B«ual diet 

12/ 3 

'4 3 

1 50 

71 

14 

089 

371 

— 01 

"0 4 

U'unl diet 

12/12 

334 

154 

CO 

17 

007 

41 0 

-1-53 

"0 4 

Uiiinl diet 

12/22 

031 

1 51 

81 

10 

OSG 

10 9 

-1-30 

SOI 

Vitamin poor diet 9 days 

12/27 

53 5 

1 55 

70 

11 

001 

39 2 

— 08 

30 2 

Vitamin poor diet 14 da%s 

12/29 

53 5 

1 55 

07 

20 

003 

385 

— 25 

30 3 

Vitamin poor diet 10 <1 lys 

1924 

1/12 

51 1 

1 55 

70 

14 

0 77 

10 3 

-f 20 

30 7 

yitamin poor diet 30 dajs 

1/10 

1/27 

54 8 

1 57 

So 

10 

080 

40 0 

-u 28 

30 3 

y Itamln poor diet 34 dijs 

54 5 

1 57 

83 

15 

0 75 

40 3 

-t- 20 

30 3 

Aitamin poor diet 45 days 

2/ 2 

55 2 

1 58 

81 

10 

083 

33 0 

—14 2 

"0 3 

Mtamin poor diet 51 da\s 

2/ 9 

55 9 

1 59 

85 

17 

0 75 

10 9 

-1-3 5 

301 

titainin poor diet 58 days 

2/10 

50 5 

1 59 

81 

17 

OOS 

35 3 

—10 7 

30 0 

yitnmin poor diet 05 dn\s 

2/23 

51 9 

1 n7 

71 

10 

0 05 

387 

— 20 

30 1 

Vitamin poor diet 72 days 

2/2S 

52 3 

1 53 

73 

11 

0 01 

37 5 

— 50 

377 

Vitamin poor diet 77 days 

3/ 4 

52 0 

1 53 

78 

10 

OOS 

31 0 

—20 0 

303 

Vitamin poor diet S3 days 

3/ 8 

49 0 

1 50 

75 

10 

0 70 

35 3 

—10 7 

309 

Vitamin poor diet — 5 itamin B 

3/14 

54 5 

107 

70 

17 

088 

30 5 

— 75 

Sj4 

4 da^s 

Mtamin poor diet vitamin B 

3/18 

19 8 

1 50 

70 

17 

0 71 

44 5 

-1-17 8 

30 3 

10 days 

Vitamin poor diet -1- Mtamin B 

1/11 

40 3 

1 15 

02 

21 

072 

50 4 

-1-27 3 

30 7 

11 days 

Usual diet IS days 


* T I , man, aged 2-1, ICO cm In lielglit 


medication or when the usual diet W’as resumed, it was — 7 3 per cent The last 
low value was due to the fact that it W'as low' at the beginning of this period, 
gradually becoming higher later 

Cash 7 — T I , a man, aged 23, single, a healthy person, w'as admitted to the 
hospital on Nov 29, 1923 His family history w'as unimportant He had had 
measles at the age of 7 and had been vaccinated manv times When he was 21 
years of age, he worked as ironsmith in a factory from January to the follow'ing 
April It was hard work, and he ivas obliged to stand usually for about ten 
hours every day In July and August he noticed a slight edema over the tibia 
in the evening, which had disappeared the next morning after rest in bed During 
the autumn this condition was not noticeable Since April, 1926 he had been 
engaged again in agneulture, w'orknig about eight hours a day In October an 
operation for hemorrhoids w'as performed, otherwise he had ahvajs been 
healthy He took no alcohol, but used tobacco moderately 

The patient was a well nourished and vigorous man The pupillary reflexes 
were normal, the tongue was moist, not furred and without tremor The left 
tonsil was slightly enlarged and injected The skin was normal The muscles 



Ok in \ It JL /} Lsj/ Mi'i'inoiksv vW> 

\U'U' well (K'xoIoihhI riu inilso \,Uo \\’\s souu'\\!iat low \ml wo\lv. but \ouul’u. 
Kospuatiow w.»s ol tho u'lsto-.ihilomm’tl The 'v\h'\ w slu'htlv dull, 

!U\d o\piv.\tiou w,i'' luolouuod, ,\t the lowo» puit ol the huk on the ueht ''Ule 
the veM'u.itiou mmumi w.\s somewhil wi'dvu th.m on the letl sule The atui 
of ihsolule didness extended tioiu the tnulhne to the lowo edv'e ol tin tomth 
\d' uwl twv' tv\UH \tue ulths \i\sule the lelt nipple hue; thi ,ne\ ot lel.itui dulnesv 
CNtendevl Itoiu the neht stein \l inaium to tlie lowii nine ol the tlmd lih and 
one-halt iineeilne ulth inside the nipple line 'I'he tiist sound at the apex w is 
somewhat nnpnie, otheiwise notiniin ot nupoitaiue was nolid Motditi mid smsi- 
hiht\ weie not alliitul The mine was noun d h'vm'- ot l(i/> v/io/mnii and hhIto~ 
weie deteited m the leces lleitimnne Hei Id, T^'x the pitient was 
pl.iud on 1 \n inline pool diet t^tu iil\ tin s.mie as that in lases 5 and o'! 

On Ian dO, I'ldl t^ dnwn ,i month altei the heuimimn ot the \itamiii pooi dut\ 
the lowei put ot the .ilidomen ,ind both lahes heianie shehtK lupesllutu 'I he 
londition had mown suniitu nit at the iiid ol tint month \ time ol edema o\ei 
tin tihii, teiuUiness ot the <.,d\is, we.iUness ot the kme ind aOidles ulUxes 
ippeiud I he um.il sound was liollow, Init distnutli lednpluatnl. the seunid 
pnlmonu sound w,is ueentnated when the patient was m .t sittimt position ‘\t 
tin heemmiie ol Iwhiinn, the lieait hoidei was enl lined to tin imlil suU the 
aiea ot ahsolnte dnlness was tin neht sternal mainm. 'Iheie w.is a sheht 
niliieniunl to the Imt t,one ind one-hall tinpeihieadths nisule the nipple line') 

\. sNstolu mniniin w is notieul at all \ ihe aieis when the pitnnl was in a 
sittnie positn'ii Wlun the ]utient w is m a lenmihent position the seioiul 
pidmoiiH sound w is uniitmted and nnpnie 'Ihe imKe i,ite was op, ,ind 
it w Is stionn 1 it'id diuotu ,md soil The intieiit stniiihled olteii while widkmt' 
'Ihe tomt ot tlio knee shpind 'Hie iinht knee letlex was ihseiil and the lelt 
was iMunnlx weak the uhdles letlex was ahsi.ut 'I'heie was sludit edema, 
wliuh was quite <.\uUm, o\ei the tihia, the laie also w.is somewlnt edniialons 
'Ihe IniH'stlutu one w.is somewhat lainet th.m hotoie The )iatient umiplained 
ot 1 snisition ot liiliKss loss ot appetite, distaste loi tood and eiiut.ition acioni- 
pinnd In n iiisi i and loinitnu' \t tlu end ot Vehiiian sniiptoiiis ot mdiees- 
turn hid hnoiiie miikid, ,ind tin. intake ot tood was udiued Ills lees weie 
sonnwhat wi.d, ind Ins e ut w.is niistiadi. so that the asi endine, ot stalls w.is 
ditlnnlt On Iwhiiiin l‘k he w,\s nn.ihle to walk without snppoit Ihiiesthesii 
h.id luaome pionoinmd in fioiil fiom the middle ol the ihest .nid in h.nk tioin 
the middU ot tlu eliiti il ii mon downwaid, iiulndine the soles ot the leit, 
tluse .iieas weie p.iith anesthetu I'deiiia ol the taie .ind o\ei the tihia was 
pioiioniued On Mauh •! .adimmstiation ol the \Uiniin 11 piep.ii ition was 
hi mm 'Ihe sMiqitonis heeaiiie amelioi ited with the ixieption ot .ihiioimal 
inotiliti and atiopln Ahoiit the middle ot i\liuh. the lieiit was distnnth 
sinallei tlu aiea ol ahsolnte dnlness extiiided tioiii the midline to the lowei 
edee ot the fonitli iih and one and oiie-hdt hiieeihieadths inside the iiipjde 
line, \hnoiniahtus ol the heiit sounds wiie not iieesinl. ihe pitieiit eonld taKe 
i few slips without heiiu’ siippoilid. Ui had leq. lined some stieiinth m his len', 
hilt the\ weie still we.ik On 'Mauh d,i the patient siitleied tiom mtVnnniation 
ot the loton and simnoiit with tmuiliiit. miieoiis and somewhat hlooih diaiiliea 
.mil teiiesimis with loluki pain ftn Ma\ 'S he lelt the hospital with inaikid 
amelioiation ol s\mploms 

'Pile .uei.u’e has.il metaholisin ilmnin the time that the palienl w.is on his 
iisii il diet w.is 1 I pel eeiit, dm inn \itaniin 1' si,u\ ition it was -- ,1 ,'i tiei lenl, 
and with Mtamm U medie.dion oi when the iisniil diet was lesniiied, it w.is 
'l-.'io ina eeiil 

0\sis S and ‘\x s\nnitonis did not diielop. the piotoiols ot these iisis 
aie omittid 

(.'onipatino the pioUu'nls iit (ho alou'tiu'ntioiioil li\o i.ixoa t^o.isos 
$ to '■>) with llto ob'^oi\:\tioi\s of tho bnxal utot.ibobsiu, wo noto Ib.il tn 
tho thu'o 0 , ISO's u\ wluob tvptoal sM\tploii\s ot a\t(.\nnnosis cUwoloiuab 
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Table 8 — Metabolism Data on Healthy Patient (Case 8*) 




Bodj- 



Res 

Cnlo 

Basal 





Sur- 


Res 

pira 

rics 

Aid ibolic Tern 



Weight 

lace 


pirn- 

tori 

per Sf| 

R ite 

pera 


Date, 

in 

(Du 

Pulse tion 

Quo 

Aider 

(Du- 

turc. 

Diet and Alcdication 

1925 

Kg 

Bois) 

Rate Rato 

tient 

per Hr 

Bois) 

0 

ol tlie Prci ious Day 

1/23 

45 2 

131 

58 

12 

007 

307 

— 71 

30 2 

Usual diet 

1/21 

45 2 

1 31 

58 

1 i 

081 

421 

-1- 00 

304 

Usual diet 

1/25 

45 0 

1 35 

50 

13 

0 70 

39 0 

-F 02 

300 

U«ual diet 

1/20 

45 3 

131 

51 

13 

0 75 

421 

+ GO 

30 3 

Usual diet 

2/ 4 

10 7 

1 80 

57 

14 

077 

42 4 

•4- ( 2 

30 0 

Restricted diet 7 dais 

2/13 

47 3 

137 

01 

13 

0 80 

43 7 

MO 7 

301 

Restricted diet 10 d lys 

2/18 

17 3 

1 37 

02 

12 

072 

419 

-M3 7 

30 4 

Restricted diet 21 davs 

2/20 

47 4 

1 37 

02 

12 

080 

10 0 

-F 27 

10 1 

Restricted diet 23 dais 

2/23 

47 4 

1 37 

58 

12 

060 

43 2 

-1 92 

300 

Restricted diet 20 dais 

2/27 

18 2 

1 38 

02 

12 

083 

41 2 

*f* 4 J 

30 1 

Restricted diet ’0 dais 

3/ 3 

4S1 

1 38 

00 

11 

065 

10 7 

-1- 30 

’0 8 

Restricted diet 34 dais 

3/11 

IS 8 

1 39 

71 

13 

0 80 

42 0 

-F 7 9 

30 5 

Restricted diet 42 days 

3/lG 

18 8 

1 30 


10 

0 85 

39 8 

-F 00 

30 1 

Restricted diet 47 diis 

3/20 

49 2 

1 39 

02 

11 

0 74 

42 0 

-F 03 

300 

Restricted diet 51 dais 

3/27 

17 0 

1 37 

72 

12 

083 

13 1 

-F 98 

302 

Restricted diet 58 davs 

3/30 

500 

1 40 

72 

15 

0 87 

42 9 

-) 85 

20 5 

Restricted diet 01 days 

4/ 4 

50 4 

1 41 

OS 

12 

080 

45 0 

-F33 9 

30 8 

Restricted diet 00 dais 

4/10 

51 G 

1 11 

7"> 

14 

0 91 

45 2 

-F14 4 

0 1 

Restricted diet 72 diis 

4/13 

511 

1 11 

82 

11 

0 61 

no 

-» 02 

J 

Restricted diet 75 dais 

‘ Z 

A , man, aged 20, 

145 5 

cm in lieight 






Table 9 — Metabolism Data 

on Healthy Patient (Case 9*) 




Bodi 



Re« 

Cnio 

Basal 









Sur 


Res 

pira 

ric« : 

Metabolic Tern 







Weight 

lace 


pirn- 

tor> 

per Sq 

Rite 

porn 






Date, 

in 

(Du 

Pulse tion 

Quo 

Meter 

(Du 

turc. 






1925 

Kg 

BoI«) 

Rato Rate 

tIent 

per II r 

Bois) 

C 

Diet and Alcdication 


1/28 

51 3 

1 50 

70 

15 

0 81 

380 

2 2 

SOI 

U'unl diet 





1/29 

551 

1 57 

07 

13 

0 74 

44 1 

-cil 0 

35 0 

Restricted 

diet 

1 day 


1/30 

55 3 

1 58 

05 

12 

072 

44 1 

-Fll 0 

30 0 

Restricted 

diet 

2 dajs 


2/ 0 

54 9 

1 57 

58 

12 

080 

39 4 

— 02 

359 

Restneted 

diet 

9 dajs 


2/ 7 

55 2 

1 57 

59 

12 

060 

398 

-F 00 

35 9 

Restricted 

diet 

10 

dajs 


2/13 

65 2 

1 57 

02 

12 

087 

401 

-c 1 4 

’5 8 

Restricted 

diet 

10 

dajs 


2/14 

51 7 

1 57 

02 

11 

0 72 

397 

-F 04 

35 3 

Restricted 

diet 

17 

dajs 


2/18 

55 0 

1 57 

02 

11 

083 

3G 7 

— 71 

^5 4 

Restricted 

diet 

21 

days 


2/20 

551 

1 57 

59 

12 

0 81 

383 

— SO 

So c 

Restricted 

diet 

23 

days 


2/23 

51 0 

1 57 

50 

14 

0 79 

41 0 

-F 53 

35 0 

Restricted 

diet 

20 

dajs 


2/27 

551 

1 57 

02 

12 

077 

40 2 

-f 17 

Cj 9 

Restneted 

diet 

SO 

days 


3/ 2 

51 5 

157 

50 

11 

082 

351 

—11 1 

35 8 

Restricted 

diet 

33 

dajs 


3/ 0 

551 

1 57 

78 

13 

081 

41 0 

-F 38 

301 

Restricted 

diet 

37 

davs 


3/10 

55 0 

1 57 

03 

10 

083 

378 

— 4 3 

35 4 

R< ^trictcd 

diet 

47 

dajs 


3/20 

54 4 

1 57 

(x) 

11 

071 

12 7 

< s 

30 2 

Restricted 

diet 

51 

dais 


3/23 

54 8 

1 57 

03 

12 

0 70 

10 2 

-c 1 7 

35 8 

Restricted 

diet 

54 

dajs 


3/27 

55 2 

1 57 

08 

12 

0 72 

44 8 

-F13 4 

35 8 

Restricted 

diet 

58 

days 


4/ 4 

55 3 

1 58 

00 

11 

0 63 

o7 6 

— 4 7 

15 9 

Restricted 

diet 

00 

d ns 


4/10 

55 0 

1 58 

72 

11 

0 60 

13 2 

-F 93 

r.8 

Restricted 

diet 

73 

dajs 


4/13 

55 0 

1 58 

01 

9 

0 81 

43 7 

-F10 7 

35 8 

Restricted 

diet 

70 

dajs 


4/17 

501 

1 58 

09 

12 

062 

390 

— 1 t 

35 9 

Restricted 

diet 

SO 

dajs 


4/20 

55 9 

1 58 

00 

12 

0 74 

40 3 

-r 20 

35 8 

Restricted 

diet 

S3 

dais 


4/24 

55 9 

1 58 

04 

15 

0 70 

30 3 

— 80 

35 9 

Restricted 

diet 

87 

dais 


4/30 

501 

1 59 

72 

13 

085 

411 

-F 1 5 

35 9 

Restricted 

diet 

93 

d ivs 


5/ 3 

55 9 

1 58 

G5 

14 

0 63 

GOG 

— 74 

35 8 

Restricted 

diet 

90 

dais 


5/ 9 

55 9 

1 58 

57 

14 

0 80 

40 0 

•F 28 

358 

Restricted 

diet 

102 dajs 


5/13 

55 9 

1 58 

08 

14 

077 

371 

— 01 

35 8 

Restricted 

diet 

100 dijE 


5/18 

55 8 

1 58 

04 

10 

079 

330 

—15 0 

30 0 

Restricted 

diet 

111 

. dais 


5/22 

55 4 

1 58 

01 

14 

0 79 

300 

—20 5 

30 0 

Restricted 

diet 

115 dais 


5/27 

55 9 

1 58 

04 

14 

004 

312 

—211 

35 0 

Restricted 

diet 

120 dajs 


0/ 1 

54 5 

1 57 

08 

15 

0 70 

410 

-F 41 

35 9 

Usu il diet 

2 davs 



0/ 5 

54 9 

1 57 

59 

15 

0 73 

34 1 

—13 8 

SCO 

Usual diet 0 dnjs 




* H F , man, aged 20, ICl 3 cm in height 

* From May 7, the restricted diet -w as boiled twice 
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theie was moie or less deciease m the basal metabolism (the aveiage 
decrease dunng the avitammous alimentation being 121 per cent, 94 
per cent and 5 pei cent) , while in two cases, in which obseivations weie 
made foi a long time and m which no symptoms developed, theie was no 
change m the basal metabolism except dunng the last period in the last 
case (case 9), after administration of twice boiled accessory food, 
seiious distaste for the food and indigestion occuired, and the intake 
of food was highly i educed Especially interesting is case 5, in which 
the prescribed food was always eaten until the end of the expeiiment 
The basal metabolism in this case had been typically reduced, remarkably 
at the beginning of the development of the symptoms and rising some 
what during the latter period, parallel with the increase m the pulse 
rate Vitamin B medication caused increased metabolism In case 6 
a low late of metabolism still continued after administration of the 
vitamin B preparation It is difficult to explain this, we shall only 
mention that the intake of food, especially on the previous day of 
determination of the basal metabolism, was sufficient, although the 
patient had not recovered his appetite, and a slight paralysis of the legs 
was present (when paralysis exists, increase in the basal metabolism is 
usually postponed) After the admimsti ation of the vitamin B, however, 
the basal metabolism gradually returned to the original value, with 
amelioration of the symptoms In case 7 there was also a slight deciease 
111 the basal metabolism with the beginning of the symptoms but the 
change m this case was not so remarkable as in other cases, perhaps 
because an increase in the pulse rate appeared relatively early After 
resuming the usual diet, the basal metabolism again became inci eased 
(the aveiage pulse rate at the time of determination of the basal metab- 
olism during vitamin B starvation was 62 in case 5, 60 in case 6 and 78 in 
case 7) 

COMMENT 

The first senes of experiments showed that vitamin B starvation 
causes an aggravation of symptoms of beribeii and a marked decrease in 
the rate of basal metabolism After administration of a vitamin B 
pi epai ation, the symptoms were ameliorated, and the basal metabolism 
resumed its original value The second series of experiments showed 
that by means of a long continued diet deficient m vitamin B, typical 
symptoms of avitaminosis develop, and the rate of basal metabolism 
decreases, especially at the initial symptoms, increasing somewhat with 
the involvement of the cardiovasculai system (increase of the pulse) 
The deciease in basal metabolism in the second senes was not so remark- 
able as in the first senes of expenments, which probably is due to the 
degree of the deficiency of vitamin B in the diet If the deficiency of 
vitamin B is slight, no symptoms develop, and the basal metabolism 
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shows almost no change, as in cases 8 and 9 Fiom these results it may 
be concluded that vitamin B staixation without geneial starvation causes 
a deciease m the basal met.ibohsm , in heiibeii it causes an aggravation of 
the disease, in health} peisons t}pical s}mptoms of avitaminosis develop 
aftei an incubation The decrease m the basal metabolism is esi>ecially 
significant just at the beginning of the svmptoms, becoming less sig- 
nificant later, pai allel v\ ith the inci ease m the pulse rate In both senes 
the symptoms are amehoiated aftei the administration of vitamin B 
Fiom these obseivations it seems plausible that the deficiency in vita- 
min B has some special relation to the exaceibation oi aggravation of 
beiiberi 

It seems impoitant to consider vvhethei bciibcn and avitaminosis 
aie one and the same disease oi two difleient diseases with some similar 
S}mptoms This problem has alread} been enthusiastiuilly discussed 
b} many investigatoi s, but is not vet definitclv solved We have not 
tried to survey the hteratuic foi a solution to this problem, as lesults are 
too numeious and contr.idictorv and too far from our main purpose 
We found that in beiibeii the basal metabolic rate is usuallv normal, 
and when cardiovasculai involvement becomes significant, it is increased, 
when paral}sis occuis the rate deci eased Our expeiiments show 
that there is a definite decrease in basal metabolism in the course of 
vitamin B starvation, so that it seems piobable at first that benben and 
avitaminosis are essentiallv two diftercnt diseases However, the 
deciease in basal metabolism during vitamin B starvation is especiall} 
significant at an carl} period of avitammous manifestation followed by 
an increase neaih parallel with the mciease in the pulse rate In view 
of the fact that most investigatoi s never recogni/-ed the resemblance of 
the reinaikable caidiov^ascubu s}mptoms in avitaminosis to those in 
beiibeii until now, the difference in obseivations in the basal metabolism 
must be used cautiousl} in the different lation of these two diseases 
Obseiwations on the basal metabolism b} some of the leading research 
vvoikeis on benben in Japan have shown that there are still 
many factois in these two diseases which arc diffeicnt , therefore we can- 
not yet say definite!} vvhethei bei ibcri and av itaminosis are tw o diseases 
or the same disease It is possible also that m addition to the avitam- 
inous state some othei important factor is necessar} to account for the 
manifestation of tiiie benben 

SUMMARY AKD CONCLUSIOKS 

1 Vitamin B staivation in patients with benben causes aggravation 
of the symptoms and a decrease m the basal metabolism Administration 
of a vitamin B prepaiation amelioiates the symptoms and increases the 
rate of basal metabolism 
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2 Piolonged vitamin B insufficiency in healthy persons causes typical 
avitaminosis and deciease in the rate of basal metabolism, especially at 
the beginning of the manifestation of symptoms Administration of a 
iitamm B prepaiation cuies the symptoms and inci eases the rate of basal 
metabolism 

3 The identification of beriberi with avitaminosis is difficult at 
piesent as theie aie man}'' factors in these two diseases which aie 
not similai Accoidmg to the observations on the basal metabolism, the 
diseases do not coincide In beiiberi we usually found that the basal 
metabolism was noimal When decompensation was threatened, there 
t\as an increase in the rate, and when paialysis and atiophy weie present, 
theie was a decrease In avitaminosis we always found a decrease in 
the basal metabolism, especially at the beginning of the exacerbation 
of the S}mptoms A serious involvement of the cai drovascular system 
in a\itammosis which possibly causes an elevation of the late of basal 
metabolism was not observed We know that when the pulse rate 
inci eases m the couise of avitaminosis, an increase in the rate of basal 
metabolism follows Therefore it is difficult to decide without further 
investigation whether or not this divergence in the metabolic observa- 
tions has an essential value for the dififei entiation of these two diseases 

(The clinical obser\ation and other investigations of the avitaminosis 
experiment were performed by Professor Inada, Drs Mozai, Tanino, 
Akiya, Horiuchi, Ohta and Donoinae) 
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In a pi evious article '■ on exophthalmic goiter and the involuntarv 
nervous s^steIn, we have lecorded oui obsenations on fifty unsclected 
patients studied for two years The following excerpt taken from 
this article will explain the s\steip wc. followed in making our 
observations 

In Januarj, 1921, vc instituted a ■^tiidj ol fift\ iinscicctcd cases of fiilh 
developed exophthalmic goiter" No specific tlienpciitic measures verc 
emplojed "in order to determine the n itural lii''tor\ (spontaneous course) 
of the disease,”’ and to cstahhsli an “index for tlic enahiation of therapeutic 
procedures”^ From the group were excluded (n) patients who had tlnroid 
enlargement without other manifestations of e\ophthalmic goiter,® and (b) those 
who, w'lth or w-ithout tlnroid enlargement, presented sjmpathomimctic stmptoms, 
W'lthout significant elevation of the basal metabolism (autonomic imbalance) " 
In the group studied, w’e included (1) patients with a significant ele\ation of 
metabolism on repeated readings, (2) patients whose illness was cunicicntb 
severe to warrant residence in a hospital where beds arc at a great premium 
(tw'o exceptions), and (3) patients fiom the poorest sections of the citj, who 
were subjected to constant economic strain (one exception) 

The patients w'crc first obscr\cd in the general wards of the hospital An 
attempt w'as made to secure for them complete phjsical and mental rela\ation 
A high caloric diet (3,000 calories) was ordered and wet packs at 75 degrees 
were used dailj In the beginning, daih colon irrigations were emplojed, but 
these w'ere later discontinued Foci of infection, particularh in the nose and 


From the medical service of the Mount Sinai Hospital 

1 Hyman, H T , and Kesscl, Leo A. Studs of Exophthalmic Goiter and 
the Involuntary Nervous Sjstcm, Arch Siirg 8 149 (Jan) 1924 

2 Kessel, Leo, Hyman, H T, and Lande, Herman A Study of Fifts 
Consecutive Cases of Exophthalmic Goiter, Arch Int ]Mcd 31 433 (March) 
1923 

3 Lieb, C C , Kessel, Leo, and Hjman, H T Am J M Sc 165 384 
(March) 1923 

4 Kessel, Leo , Hyman, H T , and Licb, C C Exophthalmic Goiter and 
Involuntary Nervous System, Clinical and Laboratory Studj of Imohintary 
Nervous System, JAMA 79 1213 (Oct 7) 1922 

5 Kessel, Leo and Hyman, H T Am J M Sc 165 387 (March) 1923 

6 Kessel, Leo and Hyman, H T Am J M Sc 165 513 (April) 1923 
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throat were attacked, and extirpated or drained Phenobarbital (luminal), 
1/4 grams, was used as a hypnotic and syrup of ferrous lodid, from 5 to 30 
minims,^ three times a day, was prescribed to hasten the involution of the 
th} roid ’ 

After an average hospital staj of six weeks, the patients w'ere sent to the 
countrj, and w'cre given small tasks In another twm to six w'eeks, they w^ere 
returned home, and permitted to resume their responsibilities graduallj' The> 
W'ere instructed as to their disease and w'ere w'arned that the condition was 
arrested rather than cured and the possibility of recurrence was emphasized 
They w'ere urged, m addition to regular attendance at the out-patient depart- 
ment, to return at the recurrence of the slightest S 3 'mptoms The families were 
W'arned that these people must be protected, but w'lthout coddling All the 
follow-up observations w'ere made personally by us In our presentation, w'e 
included a historj' of these fiftj' consecutue patients, irrespective of end-results, 
and with extensive follow'-up observations When the patient could not be 
kept under observation, we regarded the issue as unsuccessful 

In this paper, we present the subjective and objective results at the 
conclusion of a peiiod avei aging fift 3 '--eight months, including all data 
to Jan 1, 1927 

SUBGROUPING OP PATIENTS 

A Fatalities — Eight deaths have occtiired, of which one, due to a 
carcinoma of the stomach, is excluded from the statistical study The 
lemainmg seven deaths ma}’- be summaiized as follows cardiac failure, 
two, infection, one, status l}mphaticus, one, thyrotoxicosis, two, and 
th} roidectomy, one Five of these deaths have been discussed previ- 
ously ° Since this report was made, tv o patients, elderly women, have 
died of cardiac failuie due to exophthalmic goitei In addition, one 
had severe diabetes melhtus, and the other a superimposed subacute 
bacterial endocarditis They would have been despeiate operative risks 
even when first admitted to our seivice 

B Patients ll’/io Sought Specific Theiapy — Ten patients con- 
sidered their progress unsatisfacton , and sought some type of specific 
therapy We regard these as “failuies” fiom our standpoint One 
patient (B A W ) leceived tieatment from an endocrinologist We 
have been unable to obtain complete recoids from her or from her 
physician Another, (D H ) received ladium therapy, with what 
appears to be an excellent result This is the only notewoithy result 
of radium therapy that 3ve have obseived 

7 “1 Almost without exception, no patient in this series received lodid during 
the first month of observation and rareh w'ltlnn the first six w'eeks, during 
w'hich time the greatest improvements w'ere noted 2 The administration of the 
lodids w'as not accompanied by ani marked alteration in the rate of improve- 
ment in our experience w'hen benefit accompanied the exhibition of the drug. 
It W'as unusual to observe any changes other than a continuation of the ameliora- 
tion of symptoms noted m the preceding w'eeks ” There w'as no other routine 
medication No purposeful psychotherapv w-as employed, but the patients w'ere 
shielded, as far as possible, from psjchic trauma, and attempts were made to 
adjust their social and economic difficulties 
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The lemaining eight patients were subjected to a subtotal thyroid- 
ectomy, either at oin institution oi clse\\heie, and we have fortunately 
been able to follow most of them thtoughout then coiiise 

One man (M F lefeiied to in section A) died immediately 
following opeiation The operative mort.ihty in this group is tliere- 
foie 12 5 pel cent 

One patient (D J ) made good jii ogress We had obseried her 
foi two yeais of lelatneh uncomplicated comalescence, and then, 
following an automobile accident, an exacerbation ensued When the 
patient w'as treated with a compound solution of iodine and rested in 
bed, the basal metabolic rate fell fiom plus 65 to plus 24 per cent 
Dr Moschcowntz then pei formed a subtotal thyroidectoim , which was 
follow'ed bj a se\cie and piolonged postoperatnc leaction The patient 
w^as discharged on the fifteenth da} aftei opeiation, with a normal 
basal metabolic rate, and in the two \e.irs that have elapsed she has 
gained 34 pounds (15 4 Kg ) Though she has gone tin ough a preg- 
nane}', the basal metabolic rate and the pulse r.ite arc normal The 
exophthalmos is unchanged 

We regard the results in three cases as good, but not particulaily 
brilliant One of these patients (R B ) w'as gnen roentgen-ray therapy 
at the Roosevelt Hospital, and then a ligation was pei formed in 
October, 1922 At a second admission, two months later, a partial 
thyi oidectomy w’as performed, with a resultant fall in the basal metabolic 
late from plus 43 to plus 6 per cent, and a gam of 21 pounds 
(9 5 Kg) At the third admission, in October 1924, another partial 
th} 1 oidectoni} w'as performed, following which the patient was admitted 
to the Memoiial Hospital where a diagnosis of caicinoma of the 
parotid W'as made by Di Cole} Six months later, howeier we heard 
that the patient w'as doing faiily well We ha\c not been able to 
complete our lecords in this case Anothei patient (B R ) has been 
relieved of attacks of jiaroxysm.il cardiac ii regularity since tlwroid- 
ectoni} was pei formed, though the operation was followed by ajihonia 
fiom paralysis of the cord Finall}, a ^oung giil (G D) w'as 
obseived by us foi thirty months, and then had a partial thyroidectomy 
performed b} Dr Emil Goetsch in Octobei, 1923, aftei four roentgen- 
ray treatments The basal metabolic rate befoic opeiation w'as only 
minus 3 pei cent The patient ivas in the hospital for ten days and 
most of the right lobe and isthmus w'ere lemoved She has as residual 
symptoms a tachycardia of 100, an exophthalmos of 23-23, and Iwper- 
plasia of the thyroid remnant, but she is consider.abl} better than at 
any time piior to operation, and able to fill a difficult position 

Three opeiative results are indeterminate One w'oman (M H) 
was symptom-free at the time of operation Anothei w'oman (N J ), 
after a stormy period under our cai-e, had a ligation perfoimed bv 
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Cult in August, 1923, which was folIo^\ed a seveie reaction 
A second ligation was perfoimed on Septembei 2, and two months 
latei a subtotal thyi oidectomy , thi'^ was followed b} dysphonia 
from paialysis of the cord Foi the next eight months hei neivous- 
ness, iiiitabihty, asthenia, palpitation and tiemor were unimpioved, 
and at lest she had a pulse late of 116 She went home to New 
Zealand, impiovmg consideiabh duimg the ocean tup, and when 
\\e saw hei two }eais aftei opeiation, she was much bettei but 
b) no means well One patient (L R ) bad a partial thvi oidectom}'^ 
perfoimed by Dr John Erdmann in June, 1923 Eight months later 
she Mi’as improved but still complained of neivousness, treinoi and 
palpitation Hei exophthalmos measuied 20-20, the thyioid remnant 
had undergone a compensatory hyperplasia, she had a treinoi and a pulse 
rate duimg examination of 136 Nine months aftei this, she was 
considerably impro\ed Hei basal metabolic rate was normal, and foi 
another six months hei progress wa^; satisfactory Then she had a 
recuirence of an old sinus infection, \\hich resulted in an exacerbation 
of symptoms, and she went to Dr Ciile, who completed the th}roid- 
ectomy m Septembei 1926 We saAv hei two months follo\Mng opera- 
tion and, while she was still weak, she was somewhat improved, her 
pulse rate was 78, and she had gamed 10 pounds (4 5 Kg ) The 
exophthalmos ^^as unchanged It is too soon to estimate the value of 
the operative piocedure 

In addition to these eight, six of our patients had had opeiative 
treatment before the}’’ came to us In every one of these six instances, 
the symptoms had recurred with sufficient intensity to mcapaatate the 
patient Of the six, one (L K ) died of a status lymphaticus fourteen 
yeais aftei subtotal thyroidectomy was perfoimed Partial th}roid- 
ectomy was performed on three patients and simple ligations on two, with 
unfavorable results 

C Patients Lost fioni Obscivotiop — Three patients weie lost from 
observation Two weie doing poorly when we last saw them (E N 
and S S ) One man (J W ) was doing well when last seen 

D Patients Successfully Followed — Thirty-one patients have been 
successfully followed, twenty-five for more than four and a half years 
and foul teen foi over five years We shall analyze the progress of 
these thirty-one persons 

1 Subjective Symptoms It is difficult to present and inteipret the 
subjective symptoms of patients with exophthalmic goiter A few 
generalizations can be made The subjective sjmiptoms did not entirely 
disappear in any of our patients The subjective symptoms do not 
bear a constant relation to the intensity of the disease to the basal 
metabolic rate or to the economic restitution of the patient Asthenia, 
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nervousness, insomnia and palpitation are symptoms particularly prone 
to persist or to recur on slight provocation Economic restitution is 
by no means analogous to freedom from subjective complaints As a 
general rule, ho^ve^er, it is fair to sa\ that the subjective symptoms in 
these patients have strikingly and markedly diminished 

2 Objective Observations (a) Exophthalmos The right hand 
columns in chart 3 indicate the first and the last exophthalmometer 
readings The last reading averages five } eai s after the first Thirteen 
of the twenty-four completed records do not show appreciable change 
Seven have decreased slightly, and ^our have increased The other 
eye signs in exophthalmic goiter are subject to individual vaiiation, 
and are lacking in value because such signs as von Graefe s, particularly, 
may be observed m persons without exophthalmic goiter We urge 
exophthalmometer readings as a routine measure, for they are the only 
accurate gage of the eye signs 

(b) Pulse Rate The pulse readings obtained in a follow-up clinic 
are subject to so many modifications that they are impossible to 
interpret with any degiee of acculac^, and our observations on pulse 
rate are therefore of little value The basal pulse should be recorded 
in exophthalmic goiter, and usually parallels the basal metabolic rate 
In order to obtain the basal pulse rate, the same elaborate precautions 
which are necessary m estimating the basal metabolic rate should be 
exercised, and this we have not been able to do m a follow-up clinic 
Therefore, we prefer to omit our observations on the pulse rate, rather 
than to report grossly inaccurate figures All of oui patients retained a 
lability ot the pulse rate, and it was exceptional to recoid a late of 
below 80, even when the basal metabolic rate nas normal and the 
patient symptom-free 

(c) Tremor Many of these patients retain a fine tremor, visible 
only on examination of the outstretched fingers In no instance was 
the tremor complained of subjectivelv or was it of sufficient intensity 
to interfere with the patient’s occupat-on 

(d) Goiter In no instance did the goitei completely disappear, 
though in four patients it was noticeable only to the examiner Any 
attempt to classify these patients according to the anatomic appearance 
of the goiter was unsuccessful While patients could be distinctly 
classified clinically, as has been pointed out by many wwiters,® this 
classification could not be correlated with the alterations in the thyroid 
gland® In presenting another group of patients, m wdnch the oppor- 
tunity of making histologic studies w^as afforded, this point will be 
dealt with more fully 

8 Plummer, H Tr A Am Phys 1916 p 138 

9 Graham, Allen Exophthalmic Goiter and Toxic Adenoma, JAMA 
87 628, (Aug 28) 1926 
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(e) Basal Metabolic Rate The course of the basal metabolic rate 
IS lecorded giaphicall} in chait 2, and the individual records appear m 
chart I In chart 1 the fiist line of figures repiesents the basal 
metabolic late on admission, and at six and twelve months are recorded 
the readings which occuired nearest to that period Naturally, many 
readings were made in the first few weeks, during the course of the 
hospital stay, and all of these are omitted from this chart, but they 
appear in a previous paper ^ Aftei the twelfth month all the readings 
are recorded, for these have not hitherto appealed, and the}'^ give an 
excellent idea of the progiess of the patient 

From chait 2 it will be seen that at the end of six months the 
aveiage basal metabolic rate, which on admission was plus 43 per cent, 
had fallen to plus 22 per cent, and at the twelfth month to plus 17 per 
cent The fall continues at two and three years to plus 14 and plus 
10 per cent 

In the fourth yeai, there is a slight rise, due to foui high readings 
that occurred m the patients In the forty-eighth month, m patient 1, 
a basal metabolic rate of plus 39 per cent is recorded, following a 
serious accident to her son In patient 9, also at the forty-eighth month, 
a basal metabolic rate of plus 50 per cent is recorded, as a lesult of a 
purulent pansmusitis In patient 22, two high readings are recorded, 
of plus 34 per cent and plus 53 per cent, and these occurred while the 
patient was gaming 40 pounds (18 1 Kg ) over her weight on admission 
She IS an extremely stupid person, and we have never been able to 
secure her cooperation during the basal metabolism test We are 
therefore more inclined to believe that this reading is not basal 
But one othei reading of over plus 17 pei cent occurred, and the aver- 
age of the remaining readings is plus 8 pei cent 

In the fifth and sixth years slight rises are observed, the average 
being plus 17 per cent in the fifth year, and plus 19 per cent m the 

sixth year These rises again aie due to individual elevations Thus, 

plus 49 per cent m the third patient on the list was recoided during an 
attack of paroxysmal flutter just pnor to hei marriage Sixteen 
months later, her basal metabolic rate was found to be plus 12 per cent 
Again, 111 patient 5, a plus 40 per cent is lecoided m the sixty-third 
month, at a time when her husband was out of woik, and she was 
suffering great privation and was ovenvorkmg During this peiiod, and 

10 The readings of the basal metabolic rate have been made on the Roth- 
Collins machine by Dr Herman Lande and his assistant, Miss A K Steiner 

11 Since the writing of this article, we were fortunately able to secure 

another basal metabolic rate on this patient on Jan 18, 1927, when, with 

adequate cooperation from the patient, her rate was recorded at plus 17 per 
cent 



^■■■■■■■SaMSgaMMSsg^Sgagggi 


■S 57 H 9 :=:^IBM£=ssnhi|«Bift 75 

■■■■■■■■■■lllBicW 


4 ; S 2 

Eg 

-P 6 E 


1^ 


( ■■■■■■■■■■■■■■■■■ ■ ■ ■■ ■ ■■■■■■■■■■■ ■— ■■■■■■— ■■■■■■■■■ ■■■■■■■ 

■■■■■■■■■■■■■■MumnmiimmSSSaiRninHHmnnanannaia 


■■■■■■■■I 


;b£b;«m 


■■m 


!■■■■ 


■ ■■■■■■■■■■ ■■I 


■■■■■■■■■■■■I 


^ ifl-w ™ 

° 5 u u 
•a u ^ 

u rt i; 
o •*-' H 

U 

y t; 

^ -I O' «) 


ij»s« 5 ^s^s»sK^»» 8 ra 5 asiss 8 isiiiHiii 5 ^^^ 


«■■■■■■■■■■■■■■■■■■■■■■■»!■■■■■■■■■■■■■■■■■■■■■■■- ^ 

■BBBBBBBBBBBBBaBBBBBBBBBi»BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBr 
.JBBBBBBBBBBBBBBBBBBBBBBBBlBBBBflBBBBBBBBBBBBiiBBBBBBBBBBBBBBfll 
l■■■BBBBBBBBB■ BB ■BBB Bg^ BBBBB■B■BBBBBBBBBBBBBBMBBBBM■BBBBBBBBI 

lBnB^aa=SiaB|MaaBS 9 BBBaBBaaaaaHuaBBflir 

v 55 aBBBaaiMlgaiai^ BB^jiBa»aaBaaBBBa»amai 


M 1 — : 

o c\ 
o 00 o > 

o ^ 5 

•o “ 

E O ^ 
'^=<12 


rim BaaiUaa 8 gB mmamB 8 smB:^aaamaBaB 8 

,-r ^aaaaBaauaaaBaaaBBBaaaaaaBaaaaaMaaaaaajs ^a 

■”™ ^eaMag^m:aaaggaBg™g«8BaaBM8aM 


■BaaaBHaBBaanBBanBa[«aaBaBpam 

laBaBBaBBBanBlBBBBBBBBBaBBSBBBBBBBBBBBBSaSBBflflHlflissaiBBnS 
^■BgsBBBBaBBBBBBBBBBBBBBBBBflBBBBBBBBBBaHBBBBBBBBBBBBBI 

^S8Up8SS8BHSSSSS8S&!|iS88SSS8SS5SBS^^^ 
igggagmaamaBaBmaBHMBagBaaBgBgaaa^^ 
■ggSgBgSgggggSffig»HgBgg^^BggragBggeSHgHgggrai 

a ^jsgM g g gaimamBB agggggggaBgBaggggsHg^g iBa 
ggaaaMagggBiBgagBBgggag gg g aaaagaffiam gggg" 

^SaaggSBBBBBBggBBS^BBBBBB^SSBBBB ^^a BMBBBSsraMBBBBBBSaBggiaaB 
‘°-|5BBBBBBaaBBBBBBBBBBBnBBfl;«BBBBBBBBBBBBBflBBBBBB 


IBBBBBBBiBflBiiB! 


I flBBaBBBBBBBBaBBaBBBBBaBnflaBBBBBanniBraaBBaBBBBBBBaaBBBaBBaBBB 

■ aaBBBa a aa aaaBaaaaaaaaBaaaBaaaaBaaaBBBaBaaBaaaBaaBBBa BaaaBaBB B 


|§a 8 Mg^ 888888888888888 ii 88 g 888 i 8 a 85888 Sra^^ 


g.«WB >-::*5 


■swtwagga'iiBWfjiji 


u r; « “ -3 
O 

58^15 

M - 2 2 

rtC rt 2 

M S rf 

- 2 s| 2 ! 

o 

O u 

^ O -M 

ti X ^ ^ 
^ tc 


"O ^ « H g 

> ^ ^ u 

« JD C o 

'2 "S-S a 

B g " ~ 

— O 

u ^ 2 s 

^ ej O 

H Sf S c 

2 rt - o 

‘ W) ^ 

t-H o t-* ti) 

Occi 

•M l-i C ^ 

rt M rt 

B 2 « 

VJ O rf " 

I- _CJ O ^ 

u:: 73 ^ 


KESSEL-HYMAN—EXOPHTHALMl C GOITER 


321 


despite the elevation of her basal metabolic late, she was working from 
6 in the morning until between 10 and 11 at night, as jamtiess in a 
tenement house, in addition to taking care of her household In the 
sixt} -eighth month, hei rate had fallen to a plus 19 per cent During 
this peiiod, she was not at any time economically incapacitated Again, 
a plus 40 per cent is lecoided in the fouiteenth patient in the fifty-ninth 
month This occuried simultaneously with a miscarriage, and a month 
latei, following a curetage, the late fell to plus 13 per cent A rate 
of plus 50 per cent is lecoided m patient 22, to whom refeience has 
alread} been made If these leadings are omitted, the aveiage leading 
would have been 13 pei cent m the fifth year and 17 pei cent m the 
sixth )^eai 

It should be understood that all readings were taken while the 
patients were ambulatory, so that they are, it anything, slightly higher 
than would be obtained m patients who were in bed Many of our 
patients who were progressing satisfactorily could not leave their work 
to come to the hospital foi metabolic readings An example of this 
IS patient 10, who had a rate of minus 2 per cent in hei thirty-sixth 
month and who, owing to hei work, was unable to repoit foi a basal 
metabolic leading theieaftei A leading has not been made for 

patient 16 since hei third month This patient lives out of town, and we 
heai fiom hei onl} by letter Patient 19, wdio had a basal metabolic late of 
plus 7 per cent at one )^ear, has not been able to come for a leading 
since, though w'e are still m communication wnth her at the sixty- 
second month She has just had another baby, and cannot leave it to 
come to the hospital Patient 23, whose last reading w^as a plus 16 per 
cent 111 the sixth month, lives out of town, and writes to us that he 
does not have any symptoms leferrable to exophthalmic goiter Had 
these patients been able to call on us, the average basal metabolic rate 
w’^OLild have been materially lowered 

The basal metabolic rate that reached normal m the twelfth month, 
has remained well within noimal limits thioughout the following five 
years 

Nineteen leadings of zero or an actual minus will be seen, contrary 
to the usual statement that these patients do not reach normal or 
subnormal leadings unless they aie the subjects of specific therapy 
None of these patients presented any clinical evidences of myxedema 

(/) Weight The weights aie lecorded m chait 1 The graphic 
chart shows an increase of 18 pounds (8 2 Kg ) in the first and second 
year, and, though this gain w^as not completely held m the succeeding 
years, the patients did maintain an average gam of 11, 12 and 13 pounds 

12 Since the writing of this article, the patient has reported for observation 
and her basal metabolic rate is plus 4 per cent in the fifty-ninth month 
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(5, 5 4 and 5 9 Kg ) in the third, fourth and fifth yeais, respectively 
The record of the weight of each patient will be seen to the right of 
chait 1, the first column being the weight on admission, and the 
readings in the other columns show the loss or gam duimg the various 
years Loss of weight is indicated with a minus sign, if no sign 
occurs, there is a gam These figures are not cumulative, but each 
figure IS with refeience to the admission weight in the left hand column 



Chart 2 — The course of the weight and basal metabolic rate in exophthalmic 
goiter The first and last basal metabolic rate and weights are compiled from 
the entrance figures and the last figures available, and the time is the average 
of the last observations The course of the weight and basal metabolic rate 
is based on all available readings after the sixth month, and the figures at the 
bottom indicate the number of readings on which the final readings was based 
The individual readings will be seen on chart 1 

A few comments on the patients may be of more than passing 
interest In the first year, nine patients gained 20 pounds (9 Kg ) or 
more In only one patient has a loss of weight occurred in the first 
two years In the third year, two losses m weight occurred, one in the 
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same patient m whom it occurred during the second year At the end 
of SIX years, six patients show a loss in weight, and twenty-five have 
gained weight, the aveiage difference in weight beA\een the first and 
last weight being 14 pounds (6 4 Kg ) One patient has gained over 
50 pounds (22 7 Kg ), and this patient, cunousl)' enough, is the one 
who had a plus 50 per cent metabolism in her sixtieth month and a 
plus 53 pel cent in her forty-first month , we have commented already 
on this patient Fne patients have gained 30 pounds (13 6 Kg) or 
more, and four more between 20 and 30 pounds, so that ten of the 
tuent}-six patients have gained more than 20 pounds in the course of 
the SIX vears 

Of the SIX who lost weight, one has lost 1 pound (0 5 Kg ) , one 
5 pounds (2 3 Kg), one, 7 pounds (3 2 Kg), and two have lost 4 
pounds (18 Kg ) One woman has lost 1 1 pounds , she is the patient 
with the recurrent pansinusitis 

{g) Social and Economic Restitution Social and economic resti- 
tution IS the most important desideratum from the standpoint of the 
patient, and ma} be independent of an}'^ of the subjective and objective 
manifestations In this gioup (chart 3), there is an average period of 
hospitalization (full shading) of six weeks and an average period of 
rest in the countr}^ (three-fourths shading) of five weeks, which is 
followed by variable periods of rest at home (half shading) By the 
third month fifteen or over half, were restored , by the sixth month, 
all but three patients were economically restored Of the three 
patients who had a prolonged convalescence, one (A C ) was a 
malingerer and another (A L ) was an old woman with essentially 
abdominal symptoms, due to a cholecystitis The third was a young 
girl (M D ), who, despite the prolonged period of convalescence, has 
made favorable progress since During the remainder of the period of 
observation, little or no economic and social incapacitation has occurred, 
as will be seen by an almost complete absence of shaded portions 
Eight periods of incapacitation, due to some disease other than 
exophthalmic goiter (hatching), have occurred In most instances 
these were due to a tonsillectomy (7”' or to an infection of the upper 
respiratory tract (/) In only one mstance did a true exacerbation 
occur, in the third patient’s fifty-third month, a mild exacerbation 
developed and was accompanied by a paroxysmal flutter prior to 
marriage 

Worthy of comment, too, is the number of pregnancies that have 
occurred Eight of the patients have borne twelve normal children, 
without exacerbation of symptoms, and the pregnane} , labor and chil- 
dren have all been normal The test of labor was adequately met in 
all instances 

13 The majority of these patients ^\ere delivered b}' Dr C F Jelhnghaus 
at the Lying-In Hospital in New York 
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Economic lestitution occuned for an a^erag■e of fift3'’-t\\o months 
m the fift} -seven months’ a^eiage span of observation m this group 
The aAeiage time for social and economic restitution was four and a 
half months and during the lemaming fift} -two and a half months 
these people w'eie able to assume their burden as w-^age-earners oi 
housewives m the trying cii cumstances of metiopolitan life They 
all had lesidual s}mptoms, usually negligible, sometimes anno}ing 
but ne^el sufficient to cause them to go to bed, partially due to the 
fact that a day or even a few^ horns in bed among this class of patients 
IS far too great a luxury Doubtless the same S}mptoms in the more 
leistiiely w^alks of life would liaAe resulted m vaiiable periods of 
incapacitation At times the recurrence of the symptoms w^as associated 
with elevation of the basal metabolic late and loss of weight, but in 
only one instance was this sufficient to compel the patient to seek 
hospitalization 

It W'ould be wiong to gne the impression that this period w^as as 
free from difficulty as the chart wmuld make it appear Difficulties 
and simptoms of one type oi another w^ere constanti}' present, but the 
important fact is that none of these difficulties or symptoms w^ere 
sufficient to result in the patient’s being economically incapacitated 
(/i) Complications and Associated Diseases Among the associated 
conditions the most common w ere tonsillai and upper respiratory infec- 
tions Both of these beat an etiologic relationship to the disease, as w^e 
have pi eviously indicated ^ Tonsillectomy w as performed on twenty- 
foui of the patients — on ten under local and on fourteen under general 
anesthesia We observed no unusual reactions to the tonsillectomy, 
except that m one instance a patient suffered a severe and prolonged 
sympathomimetic sensitization from the piocaine hydrochloride The 
choice of anesthesia is still a matter for discussion 

A iiumbei of patients suffered from intercuirent and unassociated 
conditions, such as chionic bionchitis, ginecologic disturbances, choleli- 
thiasis, asthma and infectious aithritis 

The alleged degenerative changes have not occuri ed m these patients 
wnth any degree of regularity Turn men have h} pertension, and have 
had It all these yeais wuthout alteration in the heart or kidneys We are 
under the impression that the h} pertension is moie apparent than real, 
and varies in these patients wnth the same lability as the pulse rate 
Three w^omen have had attacks of card.ac iiregulant}' on piovocation, in 
all, the irregularity has subsided and has not recurred 

(i) Subgroupings The clinical picture of exophthalmic goiter 
IS rarely typical, and generally no twm patients present the identical 
syndrome Twm large subdivisions are cleaily to be noted, as was first 
pointed out by Plummer These subdivisions are characterized most 
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clearly by the exophthalmos in the one gioup and b} little or no exophthal- 
mos m the othei Usualty, the gioup without exophthalmos are older 
and the symptoms aie of longei duration, moie often there are car- 
diac symptoms We clearly recognize these subdivisions, but that the 
differences in the two gioups are due to any histologic alteration in the 
thyroid, such as the presence or absence of adenomas, or to any alleged 
change in the secretion of the th3'’ioid, seems to us to be an unwarranted 
conclusion, foi reasons to be discussed more completely in another place 
Of oui thirty-one patients heie listed, twent3'^-foui would be included in 
the exophthalmic group and seven in the nonexophthalmic group , of the 
remaining nineteen patients, seven would be included in the nonexoph- 
thalmic group and of these four died The percentage of deaths in the 
nonexophthalmic group is theiefore considerabl3'^ higher than in 
the othei group, so that these patients are clearly more liable 
to caidiac complications, infections and fatal thyrotoxicoses The 
explanation foi this, to us at least, is not patent Of the 
patients who sought specific therap3% nine were in the exoph- 
thalmic group, and of those lost from observation, one was in the 
exophthalmic group, so that m the non fatal cases which we regard as 
failures, three were in the nonexophthalmic group and ten in the exoph- 
thalmic group From this small series of observations we can simply 
say that if the two subdivisions are recognized, patients in the nonexoph- 
thalmic group are seen less frequentl3% are more prone to fatal or 
incapacitating complications, and usually are older women The fact that 
these people have adenomas in their gland by no means proves that the 
adenomas are the cause of the alteration in the clinical picture, for 
they may occur much more commonly in patients without s3nnptoms, 
they may also occur in patients with the exophthalmic type of the dis- 
ease or m myxedema This attempt to classify clinical material on 
pathologic changes in the thyroid suffeis from the same weakness as the 
now neglected theory that pathologic hyperplasia of the thyroid is indi- 
cative of a physiologic hypei secretion, a theory as strongly urged and 
with as little actual demonstration as the present theoiy of the toxicity 
of adenomas 

SUMMARY 

The facts concerning the spontaneous course of exophthalmic goiter 
are presented baldly, with a minimum of comment, and without effort to 
evaluate specific methods of therapy This presentation is made for the 
purpose of establishing a noun or control, and not for the purpose of 
outlining a therapeutic policy Later we shall leport our results with 
various t3pes of specific therapy, and, having so done, we shall make an 
attempt to discuss therapeutic policies Our purpose is the collection of 
data, and not an attempt to prove or disprove theories or points of view 
Of the fifty patients, the spontaneous course was followed in thirt3'^-one , 
of the nineteen whose spontaneous course could not be completed, six 
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died (a mortality of 12 pei cent) and thiiteen were eithei lost from 
obseivation or received specific therapy Of the lattei, two leceived 
nonopeiative theiapy, and eight operative theiap}'-, one of the eight 
died, making opeiative moitality in this group of 12 5 per cent 

With legal d to the spontaneous course, we may conclude that in 
considerably moie than half of the patients economic and social restitu- 
tion may be expected after the fouith month and will continue up to at 
least on an average of fifty-seven months, and that this lestitution is 
made in the presence of lesidual symptoms and despite the stress and 
strain of the needy in a metropolitan d’strict 
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Recently added emphasis has been given to the impoitance of the 
constitutional factor in disease through the work of Draper, Kretsch- 
mei ^ and others The woik of these men has been based largely on 
stiuctural or morphologic observations It was felt that an approach 
to this problem fiom the standpoint of the basic physiologic pattern, 
as suggested by Draper, migtit also prove of inteiest 

With this in view, a study of the distribution of the blood grouping 
was made in a series of tuberculous subjects, blood type being geneially 
regarded as an outstanding constitutional quality, and tuberculosis as 
repiesenting a somatic disoider of tiaditionally important genotjpic 
relationship The only previous work appearing in the literature is 
that of Alexander,^ who studied fifty cases with apparently negative 
results Obviously, however, such a senes is too small to warrant a 
valid conclusion 

The series utilized m this study was comprised of 400 cases, all 
but 12 of which were of the pulmonary type The subjects were of 
both sexes and were racially distributed as indicated in table 1 Three 
hundred and fifty-two, oi 88 pei cent of this series, fall into the 
so-termed “European” group, ^ for which an appaiently adequate norm 
has been established 

The actual typing was earned out essentially accoiding to the 
simplified technic of Moss,® using known seiums of groups II and III 
and the cells of the unknown subjects The giouping of the blood 
specimens used for the known serums was checked by cross-agglutina- 

From the State Psychopathic Hospital 

1 Draper, G Human Constitution, Philadelphia, W B Saunders Co , 

1924 

2 Kretschmer, E Korperbau u Charakter, Berlin, Springer, 1921 

3 Alexander, W An Inquiry Into the Distribution of the Blood Groups in 
Patients Suffering from “Alahgnant Disease,” Brit J Exper Path 2 66 (April) 
1921 

4 Ottenberg, R A Classification of Human Races Based on Geographic 
Distribution of the Blood Groups, J A AI A 84. 1393 (Alay 9) 1925 

5 AIoss, W L A Simplified Alethod for Determining the Isoagglutimn 
Group in the Selection of Donors for Blood Transfusion, J A AI A 68 1905 
(June 23) 1917 
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tion tests of both cells and seiuin with othei blood specimens of 
known type, and the serums were always used fresh and undiluted 
I he cells to he tested weie obtained by mixing a few drops of blood 
fiom a piicked fingei with physiologic sodium chloride A micio- 
scopic slide was divided into two sections h}’^ a wax pencil mark , a 
drop of group II seiuni was placed on one end and a chop of group III 
serum on the othei A drop of the cell suspension to be tested was 
added to each serum and thoioughl} mixed The slides weie allowed 
to stand at loom tempeiatuie and the cell suspension and serum were 
mixed frequently and examined macroscopically and mici oscopically 
foi at least twenty minutes The blood specimens weie giotiped 
accoiding to the classification of Moss 


Table I — Ractal Djstttbuiwv 




1'ubcrculous Subjects 


iNntionalitj 

Number of Cases 

Percentage of Total 

Gtrin m 


81 

20 25 

Polish 



10 75 

Irish 


41 

10 25 

Enfclisli 


38 

0 SO 

Prench 


li 

'’75 

Sc^lntllm^ i 111 


12 

300 

Scotch 


11 

2 75 

Finnish 


8 

2 00 

Jtniitm 


7 

1 75 

^ef?ro 


7 

1 75 

Hunffiirian 


7 

1 75 

IMilcli 


7 

1 75 

Aiietrinn 


S 

1 25 

Hebrcn 


5 

1 25 

mixed 


02 

23 00 

’Miocoll iiieoii*-* 


21 

5 25 


* liithii miin RiiFfei m, Biilt.in.iii, Rouin.ini.in, Scrbinn, Armenian, Croatian, Bolie- 

inian, Spnriifcli, SHmc 

The results obtained have been tabulated m table 2 It will be 
seen fiom this table and fiom the chart that the distribution found in 
the total series conforms well with that of the general average of 
Amei lean workers “ based on 9,600 cases Likewise the “Eui opean” 
tuberculous formula seems to show no essential variation from the 
“European” aveiage or normal pattern, although as compared with both 
average groups, the number of tuberculous subjects seems slightly low in 
representation in gioup I Whether this observation, however, can 
be accoided any valid significance is highly speculative 

In view of the possible relation of tuberculosis to the so-called 
asthenic or phthisical bodily habitus, analysis was made also fiom this 

6 Sanford, A H Blood Transfusion Indications for Its Use, Methods of 
Selecting Donors and a Brief Consideration of Technic, M Clin N Amer 
3 801 (Nov) 1919 Culpepper, W L, and Ableson, M Report on Five 
Thousand Bloods Typed Using Moss’s Grouping, J Lab & Clin Med 6 276 
(Feb ) 1921 
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standpoint In this connection it should be mentioned, however, that 
diagnoses of habitus, although painstaking, were made impressionis- 
tically and without the application of f oi mal anthropometric procedures , 
also that our total series of asthenics is admittedly rather small 

Table 2 — Distribution of the Font Blood Gioufs in Titbci cnious Pci sons 
Compai ed mith the Dish ibution in Normal Persons 


Subjects 

Number 

Nontuberculous 

Average 

9,600 

J5uropean average 

8,325 

Tuberculous 

Total 

400 

European tjpe 

373 

Asthenic (total) 

120 

Nonasthenic (total) 

280 

Productive (total) 

123 


Blood Groups (-lecording to Moss) 


r 

I 

II 

J 

III 

IV 

Percentage 

Percentage 

Percentage 

Percentage 

58 

387 

113 

44 2 

46 

43 4 

12 8 

39 2 

23 

40 2 

13 5 

44 0 

24 

39 6 

12 9 

451 

34 

35 8 

15 8 

45 0 

1 8 

421 

12 5 

43 6 

24 

37 4 

171 

431 



Distribution of the four blood groups in tuberculous persons compared With 
the distribution in normal persons The black columns on the left side of the 
chart represent the distribution of the blood groups in the general average of 
American workers , the white column, the distribution in the total series of 
tuberculous subjects On the right side of the chart, the black column represents 
the distribution m the average European subject, the black column, the distribu- 
tion in tuberculous European subjects 

However, subject to the possible limitations of these factors, no essen- 
tial differences are apparent between the asthenic and the nonasthenic 
tuberculous groups, although it might be said perhaps that the former 
seems to be slightly lower in group II 

In view^ of the possible relation betw^een habitus and the so-called 
exudative and productive types of pulmonar} tuberculosis,^ an analvsis 


7 Pinner, Max (Detroit Municipal Sanatorium) Personal Commuii'catnii 
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of the blood giouping in these types was oiiginally planned Unfoitu- 
nately, the distiibution of cases with lefeience to these two types was 
not such as to peimit satisfactoiy conipaiison It might lie mentioned, 
howevei, that the senes of 123 cases of the pioductive foim does not 
diftei noticeably fiom the total or asthenic foimnlas 

In conclusion it would seem that if this senes ma}^ be legaided as 
satisfactoiy, no specific lelationship can be established on the basis of 
the oidinaiy standaids between blood type and tubeiculosis In 
coiollaiy, fiom the standpoint of constitution, if theie is any specific 
lelationship between tubeiculosis and genotypic phjsiologic pattern, this 
does not appeal to include the quality of blood type 

It might be of some mteiest possibly to investigate such a series 
fiom the standpoint of Guthne and Huck,® accoidmg to whom twenty- 
seven blood groupings aie biologically possible, instead of the foui 
oidinanly assumed 

8 Gulline, C G , and Hack, J G On the Existence of More than Four 
Isoagglutinin Groups in Human Blood, Bull Johns Hopkins tlosp 34 37, SO, 128 
(Feb, March, April) 1923 



THE OCCURRENCE AND SIGNIFICANCE OF ELECTRO- 
CARDIOGRAMS OF LOW VOLTAGE-" 
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AND 
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ROCHrSTEK, MINN 

The inci easing use of the electiocardiogiaph in the clinical study of 
heart disease has hi ought foith many valuable giaj^hic signs in the 
identification and the coirohoiatioii of myocaidial disease, and also 
important facts hearing on piognosis 

From time to time vaiious obseiveis have called attention to the 
relationship of electiocardiograms of low voltage to disease of the inyo- 
caidium (Cartel,^ Pardee and Mastei,’ Lutembachei, White and Bui- 
well,^ Cl ere and Bascouiiet,'^ Oppenheimer and Rothschild ®) Low volt- 
age electrocardiogi ams have been recoided in patients with peiicaidial 
effusions, leturning to noimal after paiacentesis and subsequent 
impiovement in the patient’s condition Oppenheimer and Mann " also 
called attention to them in connection with extensive pencaidial and 
pleuiopeiicardial effusions The occuiience of low voltage records in 
myxedema and cietinism has been desciibed by Zondek ® and by Thachei 
and White 

A lecent lepoit by Spiague and White was based on fifty-seven 
cases obseived duiing eleven yeais at the Massachusetts Geneial Hos- 

From the Section on Cardiology, Mayo Clinic 

1 Carter, E P Further Observations on the Aberrant Electrocardiogram 
Associated with Sclerosis of the Atrioventricular Bundle Branches and Their Ter- 
minal Arborization, Arch Int Aled 22 331 (Sept ) 1918 

2 Pardee, H E B , and Master, A AI Electrocardiograms and Heart 
Muscle Disease, J A M A 80 98 (Jan 13) 1923 

3 Lutembacher, R The Heart in Hypertension, Bull med 31 616, 1922 

4 White, P D , and Burwell, C S The Clinical Significance of Changes 
in the Form of the Electrocardiogram, M Clin N Amer 4 1839, 1920-1921 

5 Clerc, A , and Bascourret, M Les anomalies des complexes ventnciilaires 
electnques et leur importance pronostique dans le cours de I’lnsuffisance cardiaque, 
Rev de med 41 587, 1924 

6 Oppenheimer, B S , and Rothschild, AI A The V alue of the Electro- 
cardiogram m the Diagnosis and Prognosis of Alvocardial Disease, Tr A Am 
Pins 39 247, 1924 

7 Oppenheimer, B S , and Alann, Hubert An Electrocardiographic Sign in 
Pericardial Effusion, Proc Soc Exper Biol & Med 20 431, 1923 

8 Zondek, Hermann Das Mj'xodemherz, Alunchen med Wchnschr 65 
1180, 1918 

9 Thacher, C , and White, P D The Electrocardiogram m Alvxedema, Am 
J M Sc 171 61, 1926 

10 Sprague, H B . and White, P D The Significance of Electrocardiogi ams 
of Lon Voltage, J Clin Investigation 3 109, 1926 
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pilal ihe majoiity (Ihuly-foui) weie of the aiteiiobcleiotic type of 
heait disease, ten weie elassified as hypothyioidisni and thnteen as mis- 
cellaneous Ihe total inoitahty in this gioup was 49 pei cent In 
eleven cases the cause of death was definitely attiibuted to heait disease, 
and 111 SIX otheis it was piesumably due to heart disease, the cause of 
death in six cases was unceitain These authois did not obseive elec- 
tiocaidiogiams of low voltage (excluding the tempoiary effect in hypo- 
thyioidism) in patients with noimal heaits, and concluded, theiefoie, 
that such electiocaidiogiams aie of diagnostic and piognostic impoitance 
in foiming an opinion of the myocaulial capacity of any peison In 
ceitain of the cases, howevei, theie weie associated electiocaidiographic 
abnormalities, such as fluttei, incomplete bundle-bianch block, auiiculai 
fibi illation, complete heait block and significant T-wave negativity 
These abnoimalities aie in themselves impoitant and significant, and 
when independent of lecoids of low voltage aie indicative of myocai- 
dial disease They aie of definite piognostic impoitance 

MATERIAL I ROM THE MAYO CLINIC 

Fiom a complete suivey of all the cases m which electioeaidio- 
giaphic examinations weie made at the Mayo Clinic fiom Aug 1, 1914, 
to Nov 1, 1926, It was found that 140 of them weie cases in which 
low voltage lecoids weie unassociated with other significant giaphic 
abnoimalities, an incidence of 0 3 pc’* cent In oui selection of cases 
we followed iigidly the ciiteiia of Spiague and White, accepting those 
cases only in which the QRS deflections did not deviate moie than S mm 
111 eithei diiection fiom the base line in any of the three customary leads 
The chffeience m electiic potential was theiefore not gi eater than 

0 0005 volt All recoids weie standaid, that is, a stung deviation of 

1 cm foi each millivolt of current 

All lecoids displaying fluttei, auiiculai fibiillation, incomplete bun- 
dle-bianch block, significant T-wave negativity, complete and partial 
heart block, delayed auiiculoventiiculai conduction and the ectopic 
tachycaidias weie rejected 

CARDIAC DISEASES 

Theie weie twenty-one cases of aiteiioscleiotic caicliac disease, six- 
teen patients wei e men and five women The youngest was 44, the old- 
est 80, and the aveiage age m the gioup was 64 Theie weie two cases 
111 which angina pectoiis occuired and eight in which theie was con- 
gestive heart failuie 

Infoimation has been obtained legai cling fifteen patients Five 
(33 per cent) have died from heait disease in an aveiage of one 
and one-half yeais One death was not related to the heart, and the 
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cause of another death was not obtained Eight patients (53 per cent) 
are alive, seven lepoit then health impioved, while that of one is 
unchanged 

At neciopsy in one case maiked sclerosis of the coronary arteiies 
was found The heait was hypertrophied, weighing 679 Gm This 
was the only case of hypertension in the gioup The myocaidium 
showed fatty changes 

Hypertensive Cardiac Disease — ^Theie weie nine cases of hypei- 
tensive cardiac disease Six patients v/eie men and three were women 
The youngest was 51, the oldest 65 and the aveiage age 58 Only two 
patients piesented the syndiome of congestive failure 

Five jDatients have been tiaced One patient died from heait disease 
(20 pel cent), but the date of death is not known The lemaining 
four patients (80 pei cent) lepoit their condition as being improved 
Rheumatic Endocai dial Vahidat Disease — Theie were six cases 
of chronic endocai dial valvulai disease The lesions weie stenotic in 
all, involving the mitral valve in five cases and the aoitic valve in one 
case Two patients weie men, and four weie women The youngest 
patient was 19, the oldest 49, and the average age was 34 Thiee 
patients had congestive heait failuie 

Data have been obtained legaiding foui patients Two (50 pei 
cent) died from heait disease in an average of thiee and one-half 
months fiom the time of our obseivation The other two patients 
are improved 

Syphilitic AoHitis — Theie were five cases of syphilitic aortitis 
Foul patients were men, and one was a woman Then average age 
was 38 These patients weie all up and about, and then cardiac handi- 
cap was 1 datively slight None had congestive heait failuie or the 
anginal syndiome 

Thiee patients have been tiaced One died fiom pneumonia, the 
othei two patients lepoited that then condition was improved 

Aiieuiysin of the Thoiacic At eh — Theie was only one case of 
aneurysm of the aoitic aich, that of a man aged 51 The aneuiysm was 
large, but the patient repoits his condition as being unchanged 

Adheieiit Pencai ditis — There weie two cases of adheient peii- 
carditis, both in women, aged 43 and 54, lespectively One patient 
had congestive heart failuie The one patient heaid from reports her 
condition impioved 

Focal Myocarditis — There was one case of focal myocarditis The 
patient, a woman, aged 24, died from this tiouble, which occurred dur- 
ing the course of a severe infectious polyarthritis Necropsy revealed 
extensive focal myocarditis, terminal bronchopneumonia and diffuse 
nephritis 
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DISEASES OTHER THAN CARDIAC 

The lemaining ninet 3 '’-five cases foim a miscellaneous gioup, and 
in the majoiity of cases no evidence of caidiac disease existed, while 
in those with symptoms and signs of caidiac disease the degree of 
damage was minimal It is necessaiy to discuss this group lather fully 
m 01 del to show the diveisified charactei of the cases and the relation- 
ship of low voltage electi ocai diogi ams m appaiently noimal heaits to 
those in which caidiac disease piobably existed 

Diabetes Melhtus — Electi ocardiogi ams of low voltage occurred in 
eighteen cases of diabetes melhtus Fouiteen of the patients weie men 
and four weie women The youngest patient was 17, the oldest 72, 
and the aveiage age was 54 Only thiee patients piesented symptoms of 
caidiac insufficiency, and none to the degiee of congestive failuie The 
objectne caidiac examinations of these patients showed only slight, if 
any, cardiac enlaigenient and but slight muffling of the heart tones 
The lemainmg fifteen patients did not have caidiac complaints and did 
not piesent symptoms justifying the diagnosis of organic heart 
disease 

It may be aigued, howevei, owing to the lelatively high incidence 
of arteiioscleiosis m diabetic patients that many of the patients had 
aiteiioscleiotic cardiac disease Such an aigument is piesumptuous in 
view of the facts at hand 

Fouiteen patients were tiacecl One death only (7 per cent) could 
be attributed to caidiac disease Thiee patients died fiom diabetes 
Ten patients (71 pei cent) are alive, five are impioved, the health of 
thiee IS unchanged and two aie woise 

Cltiomc NepJintis — Thu teen patients, seven men and six women, 
had chionic nephiitis, and m only two instances was hypei tension 
associated The youngest patient was 32, the oldest 67, and the aveiage 
age was 51 Theie was evidence of vaiying degiees of caidiac 
insufficiency in all but one case, although m no instance was the 
syndiome of congestive failuie noted In no case was theie well defined 
objective evidence of caidiac disease 

Ten patients have been traced Only one death (10 pei cent) 
resulted fiom heart disease, six patients died from nephritis and three 
patients (30 pei cent) are living, one is improved, and two are worse 
One death from nephiitis occurred nine months after the electro- 
caidiogram was obtained Necropsy showed glomerulonephritis, 
chronic nephiosis, right pleuiitis, bilateral hydiothorax and ascites, 
and terminal peiicarditis The heart was essentially normal 

Chiome Choleeysfitis zvith Litlnasis — Low voltage records were 
obtained in five cases of chionic cholecystitis with hthiasis Three of 
the patients weie men, and two were women The youngest patient 
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was 37, the oldest 67, and the average age was 43 None of the 
patients piesented caidiac symptoms and examination disclosed no 
evidence of heart disease 

Fom patients have been tiaced all aie alive and appaiently in good 
health 

Poital Ctiihoiis — Theie weie fom cases m this group All the 
patients weie men, the youngest being 26, the oldest 61 The aveiage 
age was 45 The patients all complained of dyspnea and had ascites, 
but the symptoms weie not the lesult of primaiy caidiac disease 

Data have been obtained legaiding thiee patients One died fioin 
ciiihosis, two are alive and leport their conditions as unchanged 

CJvonic Infectious Aithiitis — Chronic infectious arthritis occuiied 
in thiee cases Two of the patients were women, and one was a man 
The youngest patient was 42, the oldest, 60, the aveiage age was 50 
No cardiac symptoms were elicited m any of the cases, noi did objective 
examination of the hearts leveal evidence of disease All the patients 
are alive 

Pei melons Anemia — Theie weie thiee cases in this group, two of 
the patients weie men and thiee weie women The ages weie 52, 
58 and 62, respectively All the patients have died fiom this disease 
In one case in which neciopsy was pei formed, the heait was found to 
be normal 

Exophthalmic Goiter — Low voltage electrocardiograms resulted in 
only three cases of exophthalmic goiter There weie two women and 
one man All the cases occuned dm mg the fourth decade of life 
Two patients had congestive heart failure Thyroidectomy was per- 
formed eventually m all instances Two patients have been traced 
One patient died fiom tetany two years aftei opeiation, and the other 
IS alive and well 

Adenomatous Goitei Without Hypei thyi oidtstn — ^Thiee cases 
occurred m this gioup, one of the patients was a man and two weie 
women The ages ranged fiom 38 to 52 There were no caidiac 
symptoms or signs of heait disease in any case All the patients are 
alive and well 

Myxedema — Theie were two cases of high giade myxedema This 
observation, in the absence of oiganic heart disease, has been empha- 
sized by White and Thachei and otheis The patients weie both 
women, aged 40 and 44, respective!} No evidence of organic heait 
disease existed Both patients aie alive and well and are under tieat- 
ment 

Loiu Basal Metabolic Rate (Not Myxedema) — There was only one 
case 111 this group, that of a man, aged 47 There was no evidence of 
organic heart disease No mfoimation legardmg this patient is 
available 
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Syphilis of the Cential Neivoiis System — Theie weie two cases in 
this gioup, both patients were men, aged 50 and 57, lespectively No 
evidence of cardiac disease existed Both patients are alive, the condi- 
tion of one IS impioved, while that of the othei is woise 

Addiion’s Disease — In this gioiip theie weie thiee cases, all the 
patients weie men fiom 31 to 50 yeais of age Two patients complained 
of shoitness of bieath, which was piobably related to the associated 
asthenia, as no evidence of heait disease was demonstiable Two 
patients died fiom Addison’s disease, and the othei is alive and some- 
what impioved on epmephiiiie theiapy Neciopsy m one case levealed 
no caidiac changes 

Sccondaiy Anemia — Two cases of modeiately seveie secondaiy 
anemia weie included in this senes They weie both m women m 
the fouith decade of life No evidence of caidiac insufficiency existed 
One patient that was tiaced is dead, but the cause of death was not 
ascei tamed 

Cancel — Two cases of cancer occuiied m this gioup Neithei 
patient was cachectic The stomach was the seat of cancer m one 
and the hepatic flexuie of the colon in the othei Both were men, 
aged 36 and 68, lespectively Theie was no evidence of caidiac dis- 
ease m eithei case Both patients aie alive, seventeen months and 
five yeais after operation 

Mediastinal Lymphosai coma — Theie was one case of mediastinal 
lymphosaicoma m a man, aged 36 Theie was no evidence of organic 
heait disease Death occuired fiom the malignant process fifteen 
months after obseivation 

Piilmonai y Emphysema — A case of pulmonaiy emphysema occuiied 
ill a man, aged 58 No observations indicative of heart disease weie 
demonstiable No woid has been received fiom this patient 

Postopei ative Vential Henna — Postoperative vential henna was 
seen m one patient, a woman, aged 61 She piesented no evidence of 
heait disease She is alive and well -'eventeen months aftei operation 
Chionic Neivous Exhaustion — This gioup compiised thirteen cases, 
one patient was a man and twelve weie women The youngest patient 
was 27, the oldest 50, and the average age was 40 In no instance 
did evidence of heait disease exist Ten patients regarding whom 
infoimation has been leceived aie alive 

Benign Piostatic Hypeiti ophy — ^A man, aged 66, had benign 
prostatic hypertrophy Pie piesented no symptoms oi objective evi- 
dence of heait disease He was leheved by opeiation, and is alive and 
well eighteen months aftei the examination 

Mncellancon'! Gioup — In this gioup theie weie fouiteen cases 
These included patients in whom examination did not disclose any 
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pathologic condition and patients with constipation and vague abdominal 
complaints Theie were nine men and five women, then ages ranged 
from 11 to 67 years No evidence of heait disease existed m any case 
The nine patients who have been tiaced aie all living 

COMMENT 

It IS of mteiest to note that electiocardiogiams of low voltage 
independent of significant giai^hic abnoimahties weie less frequently 
associated with fiank cardiac disease than with othei diseases The 
incidence was approximately 1 2 Anothei stiikmg obseivation is the 
fact that among the patients with jdi unary caidiac disease nine, oi 30 
per cent of those tiaced, aie known to have died from caidiac disease 
This IS a smaller percentage than one would anticipate m a gioup of this 
type Among the patients with vaiious t 3 'pes of diseases, only seventeen 
(2 per cent) showed evidence of heait disease, and of the seventy 
tiaced, only two (3 per cent) died fiom heait disease 

These data, we believe, indicate that electrocaidiogiams of low 
voltage unassociated with other elect’ ocaidiographic abnoimahties do 
not deserve the emphasis accorded them by some authois, and that 
they occur m recoids of noimal hearts Then occmience m oiganic 
heal t disease appai ently does not indicate unusually sei lous disease, and 
the mortality figures m this study fail to justify much piognostic 
importance to then occuirence It is possible, howevei, that the tiansi- 
tion of complexes of normal voltage to those of low voltage during 
the course of heart disease may be significant Moie lecoids showing 
this phenomenon are necessaiy befoie definite conclusions aie justified 

SUMMARY AND CONCLUSIONS 

This study comprises 140 cases presenting electi ocai diograms of 
low voltage This m oui experience is an incidence of 0 3 per cent 
All cases piesentmg associated abnormalities, such as auiicular flutter, 
auricular fibrillation, incomplete bundle-branch block, significant T-wave 
negativity, complete heart block, partial heart block, delayed auiiculo- 
ventriculai conduction and the ectopic tachycardias, were excluded in 
this study These associated observations m themselves aie significant, 
and when considered m conjunction with recoids of low voltage they 
are confusing, and obscure the true issue The criterion for the selec- 
tion of cases was a record m which the QRS deflection did not deviate 
more than 5 mm m either direction from the base line m any of the 
three customary leads All records were standard, that is, a string 
deflection of 1 cm corresponding to 1 millivolt of cm rent 

There were forty-five cases (32 per cent) m which cardiac disease 
predominated, including (1) ai teriosclei otic cardiac disease, 21 cases 
(2) hypertensive cardiac disease, 9 cases, (3) rheumatic endocardial 
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valvular disease, 6 cases, (4) syphilitic aortitis, 5 cases, (5) aneurysm 
of the thoracic arch, 1 case, (6) adherent pericarditis, 2 cases, and 

(7) focal myocarditis, 1 case 

The large group was composed of nmet}-five cases (68 per cent) 
of various t^pes of disease (1) diabetes mellitus, IS cases (2) chronic 
nephritis 13 cases (3) chronic cholecystitis vith hthiasis, 5 cases 
(4) portal cirrhosis, 4 cases, (5) chronic infectious arthritis, 3 cases, 
(6) pernicious anemia, 3 cases, (7) exophthalmic goiter, 3 cases, 

(8) adenomatous goiter without hyperthyioidism, 3 cases, (9) myxe- 
dema, 2 cases, (10) low basal metabolic rate (not myxedema), 1 case, 
(11) S}phihs of the central nervous SAStem, 2 cases (12) Addisons 
disease, 3 cases, (13) secondary anemia, 2 cases, (14) cancer, 2 cases 
(15) mediastinal h mphosai coma 1 case, (16) pulmonai} emph 3 sema, 
1 case, (17) postoperative ventral hernia, 1 case, (18) chronic nervous 
exhaustion 13 cases, (19) benign prostatic Inpertrophy, 1 case, and 
(20) miscellaneous group of vague abdominal complaints and negative 
examinations, 14 cases In this group only 17 cases (3 per cent) 
reA ealedt evidence of organic heart disease 

The -Cardiac mortality among the group vith cardiac disease \\as 
30 per cent, whereas the cardiac mortalit} m the group comprised 
of various diseases was 2 pei cent 

From the data submitted here it is not justifiable to conclude that 
electrocardiograms of lou voltage unassociated with other graphic 
abnormalities indicate serious mjocaidial disease or are of serious 
prognostic importance 



PRIMARY CARCINOMA OF THE LUNGS 


FURTHER STUDY, WITH PARTICULAR ATTENTION TO INCIDENCE, 
DIAGNOSIS AND METASTASES TO THE CENTRAL 
NERVOUS SYSTEM 

B M FRIED, MD 

BOSTON 

Primary carcinoma of the lungs has become a clinical and pathologic 
entity of importance only in the last two decades The pathologist of 
the nineteenth century was apparently under the influence of Virchow’s 
statement to the effect that those oigans which are frequently the seat 
of a metastatic involvement by malignant tumors are only in rare 
instances the seat of a primary new growth The lungs were usually 
quoted as an example Since from the circulatory point of view these 
organs are the convergent point of the body, malignant cells which hap- 
pened to invade the blood or lymph streams invariably reach the lungs, 
where they form secondary nodules or masses, the latter not infre- 
quently overshadowing that of the primary growth Moreover, the 
failure of the pathologist to demonstiate grossly a secondary involve- 
ment of the lung by tumor is at present not regarded as being con- 
clusive proof of the actual absence of tumor m the lungs Numerous 
investigators ^ have shown that with tumor elsewhere clumps of 
blastomatoLis cells (metastatic) can almost always be detected in the 
lungs on careful histologic investigation 

The foregoing should lead, then, to the belief that whenever, in 
the presence of a widespread tumor anywhere in the body, a tumor 
IS found in the lungs, the lesion in the latter ought to be considered 
as metastatic 

With improved pathologic and chnical methods of investigation, 
however, this belief has been refuted, and recently evidence has accumu- 
lated to show that primary carcinoma of the lungs is of relatively 
frequent occurrence Nevertheless, the suddenness with which it has 
emerged from obscurity has impressed observers It is claimed that the 
tumor in these organs possesses peculiarities uncommon to epithelial 
malignant disease found elsewhere in the body The most debated 
points at present are its incidence, the methods by which it can be 
diagnosed in the clinic and, finally, the occurrence of metastases These 
three points will be considered separately 

^ From the Surgical and Pathological Departments of the Peter Bent Brigham 
Hospital and the Medical Clinic of the Massachusetts General Hospital 

1 Schmidt, M B Verbreitungswege der Carcinoma, Jena, 1903 Goldmann, 
E E Studien zur Biologie der Bosartigen Neubildungen, Beitr z khn Chir 
72 1, 1911 
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I INCIDENCE 

Recent literature abounds with reports on primary caicinoma of 
the lungs A startling increase in primary pulmonary cancel has 
been noted at necropsies, and this is said to be out of proportion to 
cancer in general The published statistics include material from the 
largest clinics, particularly those of Germany, extending over a long 
period of time 

In 1920, Lubarsch ^ collected reports of 450 cases from the German 
literatuie, and found the condition in 4 5 per cent of all necropsies 
Similarly, Seyfarth,^ in 1924, reported 307 cases from the Pathologic 
Institute of Leipzig alone, this figure representing 8 per cent of all 
neciopsies performed in that institute 

Of particular interest are the 246 cases reported by Kikuth,^ whose 
neciopsy material extended over a period of thirty-five years (from 
1889 to 1923) According to Kikuth, primary carcinoma of the lungs 
repiesents 9 5 per cent of all cases of cancer in the Pathologic Institute 

Tabli 1 — T/ie Incidence of Piimaoy Carcinoma of the Lungs in Hamhiiig- 

Eppendoi f-Ki ankhaits 


From 1889 to 1899, 10 primary cancers of the lungs 

From 1900 to 1911, 90 primary cancers of the lungs 

From 1912 to 1923, IfC* * primary cancers of the lungs 


* The yearlj number of necropsies in Hamburg doubled from 1889 to 1023 

of the Hambtirg-Eppendorf Hospital In 1923, the number of primary 
pulmonary cancers equalled one third of the number of carcinomas 
of the stomach found at necropsies in this large municipal hospital 
Figure 1, taken from Kikuth, illustrates the rapid increase in the num- 
ber of these primary growths in Hamburg-Eppendorf 

There is another municipal hospital in Hambuig, the Hambtirg- 
Barmbeck, which is about as large as the Hamburg-Eppendorf, and 
which deals with a similar type of patient In a recent investigation, 
Breckwoldt reached the conclusion that the incidence of primary pul- 
monary cancer in this hospital has not changed since the opening of the 
institution in 1913 The same author, by carefully analyzing the figures 
and charts as given by Kikuth, states that the increase of this disease 
noted in the Hambuig-Eppendorf is only apparent 

2 Lubarsch, O Einiger zur Sterblichkeits-und Leichenoffungs-statistik, 
Med klm 10 299 (March 9) 1924 

3 Seyfarth Lungenkarzinome in Leipzig, Deutsche med Wchnschr 50 1497 
(Oct 31) 1924 

4 Kikuth, W Ueber Lungencarzinome, Virchows Arch f path Anat 255: 
107, 1925 

4" Breckwoldt, Richard Zur Frage der Zunahme der Lungenkrebse, 
Ztschr f Krebsforsch 23 122, 1926 
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Though dealing with smaller figures, reports from other clinics 
in Europe and in this country are, however, not less expressive as to 
the frequency of primary pulmonary cancer These statistics, show- 
ing an incidence of from 5 to 6 per cent of all necropsies, are par- 
ticularly impressive when compared with earlier figures given b) 
Fuchs ® and Passler ® In 12,307 necropsies performed in Breslau 
from 1854 to 1885, Fuchs found primary carcinoma of the lungs in 
only 0 065 per cent , Passler found 0 18 per cent among 9,246 necropsies 
performed m Munich from 1881 to 1894 

The relative frequency of this disease as seen at present in the 
clinic and at necropsy, as compared with old observations, is beyond 
any contest The question arises, however, whether the noted increase 
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Fig 1 — Rapid increase in the number of primary growths m Hamburg- 
Eppendorf (Kikuth) The solid line indicates incidence of primary carcinoma 
of the lungs , the broken line, the percentage relationship of primary carcinoma 
of the lungs to all carcinoma 

IS an actual, that is, absolute increase in the occurrence of carcinoma 
in general and of primary carcinoma of the lungs m particular, oi 
whether the increase is only apparent 

The rise m the morbidity and mortality from cancer in general 
for the last two or three decades has been heralded by various investi- 
gators Some observations (in this country) are to the effect that 
cancer is steadily increasing m frequency the increase being a real 

5 Fuchs Beitr z Kenntms des Pnmaren Geschwulstbildungen m der 
Lunge, Inaug Dissert, Munich, 1886 

6 Passler, H Ueber das Primare Carcinome der Lunge, Virchows Arch 
f path Anat 146 191, 1896 
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one In a recent study, Wells" attiibutes no value to the existing 
cancer statistics in this country European observers like Lubarsch 
(Germany), Staehehn (Switzerland) and Menetrier (France) are 
either skeptical or actually opposed to the idea that the increase 
in the incidence in cancer noted lately is a real one Lubarsch,- in his 
investigation on the occurrence of cancer in Germany, could draw no 
definite conclusions as to its increase Hanf,"^ in a work inspired by 
Lubarsch, recently investigated the incidence of primary cancer of the 
lungs in the Pathologic Institute of the University of Berlin Her 
figures show that there was no increase in this malignant disease in this 
institute for the last twent}'^ years Staehehn,® referring to noted 
Swiss statisticians, is of the opinion that cancer is not increasing in 
frequenc}'’ He quotes Jessen, who investigated the cancer mortality in 
Basel during the period from 1870 to 1919, with a negative result as 
to the rise in the morbidity and mortality from cancer Since the 
appearance of Staehehn’s paper, investigations for other cities in 
Switzerland were reported by Renaut ® and Carnere,^*’ who confirmed 
the observations made by their predecessors 


Table 2 — Incidence of Canco in Lausanne (Renaut) 



1901 

1920 


1901 

1920 

Cineer ot the tongue 

50 

55 

Cancer of the pancreas 

18 

78 

Cancer of the uterus 

355 

321 

Cancer of the lungs 

15 

50 

Cancer of the % agina and vulva 

21 

IS 

Cancer of the ovaries 

58 

78 

Cincer of the intestines 

190 

338 





In France, IMenetrier “ affirms that cancer is as frequent now as 
it was a century ago This scientist bases his opinion on a careful 
investigation of Parisian statistics and also on his fifty years of clinical 
and pathologic observations 

It IS remarkable that the figures in the majority of European sta- 
tistics show an inci eased incidence in visceral cancer and no correspond- 
ing rise m external cancer Table 2, taken from Renaut,® shows the 


7 Wells, G H Relation of Clinical to N^ecropsy Diagnosis in Cancer and 
Value of Existing Cancer Statistics, JAMA 80 737 (March 17) 1923, Can- 
cer Statistics as the}" Appear to Pathologist, ibid 88 399 (Feb 5) and 476 
(Feb 12) 1927 

T' Hanf, Dora Zur Frage der Zunahme der Lungenkrebse in den letzten 
Jahren, Virchows Arch f path Anat 264 366, 1927 

8 Staehehn, R Ueber die Zunahme des Primaren Lungenkrebses, Klin 
Wchnschr 4 1853 (Sept 24) 1925 

9 Renaut, A Einige Belege und Betrachtungen zur Verbreitung und 
Statistik der Krebses, etc, Schweiz med Wchnschr 56 106 (Feb 6) and 132 
(Feb 13) 1926 

10 Carriere, quoted by Imbert L’augmentation du frequence du cancer 
est-elle reelle ou apparent^ Bull de I’assoc frang pour I’etude du cancer 15 141 
(April) 1926 

11 Menetrier, M P La frequence du cancer. Bull Acad de med 95 177 
(Feb 23) 1926 
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incidence in Lausanne of these two types of cancer in the years 1901 
and 1920, respectively 

In England and Wales, the rate of cancer of the skin for men over 
35 in 1868 was 45 7, and in 1909 it was 43 5 The rate for women over 
35 years of age for cancer of the breast, uterus and ovaries was 
117 in 1888, in 1909, it was 121, and in 1919, it was 127 

The foregoing may be explained plausibly on the basis that, with 
the improvement of modern methods of diagnosis, deep seated visceral 
cancer is more readily discovered now than formerly Thus, for 
instance, the increase in the occurrence of prostatic carcinoma for the 
last twenty years is due to progress m gemto-unnary surgery resulting 
in an increased number of removed prostates examined histologically 
On the other hand, a noticeable decrease of carcinoma of the thyroid 
IS due to early extirpation of hyperplastic glands, which in a number 
of instances would have become malignant 

Opinions are also to the effect that the increase m the occurrence 
of cancer analogous to the increase in degenerative disease in general 
IS due to increased human longevity 

Thomas,’^- for instance, relates that for centuries before and after 
the time of King Tut-Ankh-Amen down to the discovery of America, 
the average length of life was eighteen years, at the time of the 
French Revolution, it had increased to thirty-three years, at the time 
of the Civil War, it had advanced to approximately forty-five years, 
at present, it is about fifty-seven years Ten of these added years, 
says Thomas, have been contributed during the last two decades The 
importance of such facts is evident in connection with the well known 
“cancer age ” 

In a comprehensive review on the progress of medicine, the French 
clinician and hygienist Apert also stresses the fact that the increased 
incidence of cancer during the last two or three decades is due partly 
to the lengthening of human life 

From the foregoing, it would appear that cancer in general, and 
primary pulmonary cancer m particular, owes its increase (1) to 
improved medical training and better diagnostic methods, (2) to 
improvement m sociologic conditions of the masses leading to their 
larger attendance at hospitals, and (3) to progress in hygiene and 
preventive medicine resulting in increased human longevity 

The increase, therefore, of all cancer, as well as that of primary 
carcinoma of the lungs, is in all probability more apparent than real 

12 Thomas, B A The Influence of Urology on Longevity, JAMA 
86 1957 (June 26) 1926 

13 Apert, E La mort recule, Rev de deux mondes, 27 121 (May) 1925 
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II DIAGNOSIS 

The clinician of the nineteenth century was poorly aimed with 
accessory methods for the diagnosis of pulmonary diseases The 
tubercle bacillus, which is in reality the single criterion m making the 
diagnosis of pulmonary tuberculosis certain, was discovered in 1882 
The roentgen ray as an effective aid in the diagnosis of diseases of the 
chest has been applied successfully in the clinic only for the last 
fifteen years Bronchoscopy is of still more recent origin, and the use 
of iodized oil 40 per cent is as yet in its rudimentary state Surgical 
exploration in obscure or doubtful cases, as practiced in the diagnosis 
of abdominal oi pelvic organs has not been applied to intrathoracic 
pathologic conditions, since the lungs have been considered from the 
surgical standpoint as a iioh me tangeic For this reason, the pathology 
of the lungs has remained practically an unexplored field 

The diagnosis of primaiy carcinoma of the lungs today is based on 
(1) clinical data, which include the history, symptomatology, course 
and physical signs, and (2) laboratory methods, such as bactenologic 
examination of expectorated material, roentgen-iay examination, 
bronchoscop}' and intratracheal injection of iodized oil 40 per cent 

There has been little advance for the last twenty-five years in regard 
to clinical means in the diagnosis of pulmonary diseases, and the 
interpretation of physical signs found in these organs in pathologic 
conditions has remained practically unchanged since the time of 
Laennec Moreover, m primary carcinoma of the lungs the signs are 
amazingl} scant as compared with the “amount” of tissue involved and 
the grave chaiacter of the lesion Again, oftentimes they are ambiguous 
The cases that follow illustrate the foregoing statements 

Case 1 — In a man, aged 38, the expansion of the lungs was diminished on the 
left side Vocal fremitus was diminished on the left side anteriorly and was 
absent posteriorly On percussion of the left side, the note was flat from the 
apex to the angle of the scapula, and dull down to the lower border of the lung 
as far as the posterior axillary line Anteriorly, it was dull at the apex up to the 
second interspace, below that, it was normal for an interspace and then was 
markedly tympanitic down to the base and along the axillae, as if there were air 
beneath the pleural cavity On auscultation, the left side showed diminished 
bronchial breathing posteriorly at the apex down to the angle of the scapula 
Below that, for two or three interspaces, the breath sounds were purely bronchial 
and close to the ear, at the base, there was distant bronchial breathing The 
whispered voice corresponded Anteriorly, the breath sounds were bronchial 
down to the third interspace, and below that to the base there was distant 
bronchial breathing 

At necropsy, a primary cancer occupying the entire apical part of the left lung 
was found The rest of the lung, with the exception of the lower segments of 
the lower lobe, appeared as if it were split vertically in two equal parts The 
anterior area was emphysematous and free of tumor, the posterior area was 
represented by a solid tumorous block 

Case 2 A man, aged 64, showed on physical examination dulness over the 

right lower lobe with increased breath sounds, normal whispered voice and 
decreased tactile fremitus in this area 
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At necropsy, Dr Wolbach found a nearly complete occlusion by tumor of the 
right bronchus 2 cm below the bifurcation Anteriorly, the wall of the right 
bronchus was entirely replaced by new growth The single upper lobe branch of 
this bronchus which could be traced was also almost entirely occluded by tumor 
Below, the bronchus ended abruptly in a diffuse mass of tumor The new growth, 
which had replaced the wall of the primary bronchus, extended by direct con- 
tinuity over the anterior surface of the aorta, forming a layer 1 cm thick which 
extended upward over the ascending position of the arch Posteriorly, the lung 
was atelectatic, containing a few bronchiectatic cavities The upper lobe was 
tough and fibrous, with a few nodules at the periphery 

Case 3' — A man, aged 52, showed, on physical examination of the lungs, that 
the left apex was moderately dull, with a few fine rales , m the right, there was 



Fig 2 (case 7) — Primary carcinoma of the lungs, showing tumor occupying 
the base of the left lung The roentgenogram was taken about two months before 
death 

dulness and bronchial breathing from the apex to the interior angle of the scapula, 
with increased voice sounds Below to the base there was flatness and a complete 
absence of breath sounds 

At necropsy, the right lung was found to be sclerosed and contracted, occupy- 
ing only the upper half of the pleural cavity It was diffusely infiltrated with 
tumor The inferior half of the pleural cavity contained a bloody fluid The 
left lung was studded with disseminated tumorous nodules, which gave to the 
lung on palpation a finely granular feel as if it were filled with glass beads 

As seen, the amount and character of the changes found m the 
pulmonary parenchyma at necropsy in the cases already mentioned are 
out of proportion to the signs found on physical examination The same 
IS true of all the cases reported in this paper which came to necropsy 
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From the point of view of the symptomatology, primar\ carcinoma 
of the lungs may manifest itself in several ways It may give symptoms 
referable to the organs of the chest, it is said to run a “silent” couise, 
giving only signs characteristic of a malignant condition anywheie m 
the body, or again there may be only symptoms due to metastases from 
the primary growth 

Some reports m this country are to the effect that a correct diagnosis 
of primary pulmonary cancer can be made readily, provided one keeps 
m mind the possibility of its occurrence Grove and Cramer affiim 
that 111 a series of twenty-four cases a correct diagnosis was made by 
the interns of the Cook County Hospital in eight instances, or 33 3 per 
cent It IS of interest that m 1923 Wells " found in the Cook County 
Hospital eleven cases of primary pulmonary cancel with only one 
correct diagnosis Of the thirteen patients who came to that hospital 
during the last two or three years (eight of whom came to necropsy), a 
correct diagnosis by the house officers was then made in seven instances, 
or m 57 per cent of the cases 

Authoritative European clinicians (de la Camp and Staehehn,® 
whose opinion I share), admit great difficulties m making a correct diag- 
nosis of primary carcinoma of the lungs Likewise, the French 
clinician Rist says that the diagnosis of primary cancer of the lungs 
is difficult All the cases' of this condition that he has observed have 
been diagnosed at one time as tuberculosis In a recent article, 
Graham affirms that “often the first symptoms of pulmonary carci- 
noma are those due to abscess ” Indeed, there is not a single symptom 
or a group of symptoms which is not common to tuberculosis as well 
as to cancer Loss of appetite, weiglff and strength, cough, expectora- 
tion, fever, etc , are common to phthisis as well as to a number of 
chronic respiratory infections A diagnosis, consequently, is made 
only after a more or less prolonged observation of the patient with all 
the clinical and laboratory data at hand In cases 4, 5 and 6, the 
reports of which follow, the patients’ chief complaints were referied to 
the thoracic organs From the standpoint of signs and symptoms they 
were regarded as being more or less typical of a malignant disease of 
the lungs 

Case 4 — Htstoiy of seveial months of cough, weakness and pain m the right 
side of the chest Bi oneiroscopy Diagnosis Primaiy bi onchogenic car cinonia 
of the light lung 

14 Grove, J S , and Cramer, S E Primary Carcinoma of the Lungs, Am J 
M Sc 151 250 1926 

15 Camp, de la, O Zur Khnik der Primaren Bronchial Karzmom, Med 
Khn 20 1270, 1924 

16 Rist, E La differentiation clinique de la tuberculose pulmonaire d’avec 
les autres affections de voie respiratoires. Rev de la tuberc 4 125, 1926 

17 Graham, E A The Surgical Treatment of Pulmonary Suppuration in 
Children, JAMA 87 806 (Sept 11) 1926 
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Histoiy — A Scotch tanner, aged 62, married, was admitted to the hospital 
complaining of pain in the right lower quadrant of the chest and m the neck 
The family history was unimportant The past history, except for chronic 
alcoholism, was also negative The present illness began several months before 
admission, with weakness and a cough productive of white mucoid sputum 
About five months previously, he developed a steadily increasing pain in the right 
lower quadrant of the chest At the same time, he became dyspneic Four months 
previously, he was so weak as to be obliged to quit his work Although his 
appetite had remained good, he lost 20 pounds (9 Kg ) in weight during the 
preceding four or five months 

Physical examination showed a poorly developed and poorly nourished man 
breathing with short respirations and coughing frequently with considerable dis- 
tress The right lung showed slight relative dulness posteriorly over the upper 
and mid-portions with dulness at the base, so that the lower border of pulmonary 
resonance on the right was 3 inches (8 cm ) higher than on the left At the base, 
breath sounds were decreased at the upper edge of the dull area and absent 
below Over the slightly dull area above, the breath sounds were slightly louder 
than on the left In the right axillary region and in front there was also dulness, 
with decreased breath sounds The upper level of this dulness was higher m the 
back than in the axilla and higher m the axilla than in front There were no 
signs of displacement of the mediastinum to either side and no rales The sputum 
was mucoid, blood streaked and showed no tubercle bacilli 

Roentgen-Ray Examination — Stereoscopic roentgenograms of the chest showed 
an ill-defined, dense mass running posteriorly from the right hilum The symp- 
toms were interpreted as compatible with a primary carcinoma of the root 
of the right lung or possibly a localized nontuberculous inflammatory process 

Bi onchoscopy — The bronchial wall on the right just below the bifurcation was 
greatly thickened and was somewhat irregular, gradually narrowing down until 
no bronchial lumen could be seen at the point where the bronchoscope met impos- 
sible resistance A specimen was not removed, but the appearance of the bronchial 
lumen suggested some malignant process infiltrating the bronchial wall in the 
region of the main stem of the right bronchus 

This was a typical case of primary carcinoma of the lungs (1) the 
physical signs found in the chest were few and were not characteristic, 
(2) the cough was productive of mucoid sputum streaked with blood 
and was out of proportion to the signs, (3) there was pain in the chest, 
(4) there was considerable loss of weight in a relatively short period 
of time, (5) general weakness was present, (6) the roentgen rays 
pointed out that there was a tumor originating around the hilum of 
the lung, and (7) the bronchoscope showed a greatly thickened ii regu- 
lar bronchial wall just below the bifui cation, gradually nai rowing 
down until no bionchial lumen could be seen 

Case S — Shoit histoiy of cough and dyspnea Intrati achcal injection of 
lodiaed oil 40 pel cent Bi onchoscopy zmfh icnioval of tissue Diagnosis 
Piimaty caicinoma of light hi onchus 

Histoiy — A Jewish cobbler, aged 51, married, entered the clinic complaining 
of belching of “gas” and cough The past and family histones were unimportant 
The present illness began a few weeks before admission with a cough coincident 
with a cold, which rapidty became persistent, severe and distressing At the same 
time, the patient became dyspneic 

Examination showed a man whose respirations were labored, with a definite 
asthmatic stridor on expiration He was cyanotic and orthopneic The right 
pupil was smaller than the left Examination of the chest showed flattening of 
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the right side of the thorax There was dulness at the base of the right lung 
extending into the axilla The breath sounds over this area were distant, and 
tactile fremitus diminished The heart and trachea were displaced to the right 
The sputum was abundant, blood-streaked, and negative for tubercle bacilli 
The white blood cells totalled 21,000 per cubic millimeter 

A roentgenologic investigation of the gastro-intestmal tract was negative 
Fluoroscopically, the right side of the diaphragm showed paradoxic movement 
The observations indicated a partial block of the right bronchus A reexamina- 
tion of the chest, after injection of 25 cc of iodized oil 40 per cent, showed a 
complete block of the bronchus of the right lower lobe and partial block of the 
bronchi of the middle and upper lobes The lung on this side appeared emphyse- 
matous and distended Most of the iodized oil had gone into the left base, where 
the bronchi appeared normal The impression was that there was a block of the 
bronchus of the right lower lobe and a partial block of the mam bronchus on 
the right 

Bi onchoscopy — A bit of tissue was removed and under the microscope showed 
a squamous epithelial cell tumor 

The patient remained in the hospital five weeks and was discharged with a 
diagnosis of primary bronchogenic carcinoma of the right side 

The patient m this case was slightly cyanotic and orthopneic, with a 
definite asthmatic stiidoi on expiration His sputum had a “raspberry- 
jelly” like appearance, which at one time was consideied character- 
istic of primary carcinoma of the lungs 

Of interest also aie the following points (1) The flattening of 
the affected side This was due either to atelectasis of the diseased 
lung following obstruction of a bronchus by the tumor, or to an 
obhteiating pleuritis as a result of the involvement of the pleura by 
the new growth In primary cancel of the lung, both processes may 
intervene The significance of this condition as a diagnostic criterion 
IS, however, restricted, since it is liable to occur m numeious pleuro- 
pulmonar}^ conditions (2) The displacement of the heart and tiachea 
This also IS not a feature characteristic of a pulmonary malignant condi- 
tion only Chronic cnrhotic pulmonary tuberculosis frequently fur- 
nishes the same picture (3) Inequality of pupils due to paralysis of 
the sympathetic nerve involved by the new growth Here again this 
sign has no value, since it is encountered in a number of organic 
diseases (4) The intratracheal injection of iodized oil 40 per cent 
showed a complete block of the bronchus of the light lower lobe This 
IS, as far as I am aware, the first case on record in which iodized oil 
was used in the diagnosis of the primary pulmonary tumor 
(5) Bronchoscopy The removal of a bit of tissue is the most reliable 
criterion, and should be applied whenever possible Unfortunately, 
in the majority of cases the tumor starts deep in the pulmonary 
parenchyma in a small bronchiole, thus making the bronchoscopic exami- 
nation impracticable 

Case 6 — A lustoiy of cough of fow months’ dmahon associated with pie- 
coidialpam Clinical diagnosis Pi unary cai ctnoma of the left lung Atelectasis 
of the left lower lobe Bi onchoscopy Pathologic diagnosis Squamous epithelial 
ca/> cmoma of the bronchus 
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Histo>y — A Jewish tailor, aged 74, entered the hospital for the first time 
Dec 22, 1924, complaining of persistent cough His family historj and past 
history were negative, except for the fact that his father had asthma His 
present illness began in September, 1924, when he developed a persistent cough 
productive of nonmucoid phlegm The cough increased in intensity, and at the 
time of admission was almost continuous At times it was associated with 
precordial pain, never radiating down the arm and with no substernal distress 
or discomfort It was worse when the patient was lying down 

Physical Examination — Dulness in the lungs was present, beginning a little 
below the angle of the scapula and extending to the base between the scapular 
line and the midback Over the axillary region there was no definite dulness except 
posteriorly, \vhere there was slight dulness at the base Over the dull area, 
breath sounds, voice sounds and tactile fremitus were all decreased as compared 
with the right side There was no abnormality m the quality of breath or voice 
sounds over the dull area The abdomen was normal No palpable lymph nodes 
w'ere found in the neck, axillae or groins 

Roentgen-Ray Repot t — A roentgenogram of the chest showed a high, fixed 
left side of the diaphragm The left lung showed an irregular mass at the hilum 
fading out toivard the periphery The apex and right lung were clear The 
impression of the roentgenologist was that there was a primary bronchogenic 
tumor causing atelectasis of the left lower lobe 

Bt onchoscopy — The lumen of the bronchus of the left lower lobe was greatly 
narrowed by thickening and hyperplasia of the bronchial wall, which at one 
point appeared to consist of a definite growth from the mucous membrane A 
portion of this structure removed showed a new growth made up of squamous 
epithelial cells 

Clinical Coittse — The patient suffered exclusively from pain in the chest, 
which w'as relieved by morphine His appetite was good, and the weight 
remained good He died eight months after the onset of the first symptoms 
The clinical diagnosis was primary carcinoma of the lung originating in the 
large left bronchus 

The diagnosis of a primary bronchogenic cancer in this case, as in 
previous cases, was based on physical examination and observation, as 
well as on roentgenologic and bronchoscopic examinations 

It was noted in the foregoing that in some instances primary pul- 
monary cancer may run a silent course, i e , one in which the patients’ 
complaints are characteristic of a malignant condition anywhere in the 
body The patient m case 10 m the series reported previously 
entered I'he clinic with the sole complaint of progressive weakness and 
loss of weight of nine months’ duration These complaints dominated 
the clinical history during all the patient’s stay at the hospital Similar 
"silent” cases have been noted by Staehehn,® Letulle and others 
Though the lack of thoracic symptoms in the course of primary 
pulmonary cancer has been cited by many observers, it must be pointed 
out that a careful study will almost always elicit signs more or less typi- 
cal of bronchial irritation or of other intrathoracic disturbance These 
signs are unnoticed because of the more dramatic events m the clinical 
history and the patients’ complaints which have overshadowed those 

18 Fried, B M Primary Carcinoma of the Lungs, Arch Int Med 35 1 
(Jan) 1925 

19 Letulle, lil Le poumon, Pans, A Maloine et Fils, editeurs, 1924 
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of the thoiacic organs The case that follows is illustrative in this 
respect 

Case 7"°—Fwe months’ Jttsfojy of paw m the hwibai legion aiid mabibty to 
zualk A^cciopsy Ptimaty catcinoma of left lung, with metastases to bones, 
biain, picuia, hvci and supi ai cnals 

Histoiy — A Jewish woman, aged 57, entered the hospital, March 14, 1923, with 
the complaint of pain in the lumbar region extending down the left leg to the 
knee, and of inability to walk The family and past history were unimportant 
A tumor had been removed from the breast twenty-five years previously 

The present illness started with a dull, persistent bilateral lumbar pain five 
months before admission Two weeks later, the pain extended down the left 



Fig 3 (case 7) — Primary carcinoma of the lungs, showing (L) the his- 
tologic structure of the primary tumor m the lungs and (B) the metastases m 
the brain The similarity should be noted 


anterior thigh There had been trouble in walking and night sweats for from 
eight to twelve weeks , slight hemoptysis had occurred for two weeks 

On physical examination, the lungs were normal , the abdomen was spastic, and 
the left lower quadrant was definitely tender Several small nodules were found 
on the left side of the cervix uteri The blood pressure was systolic, 110, 
diastolic, 60 Clinically, no pathologic changes were found Roentgen-ray exami- 
nation showed an area of consolidation in the left base (fig 3) 

Following an operation for myoma of the uterus, the wound healed poorly, 
owing to infection The patient coughed up blood-tinged sputum The tempera- 
ture was of a septic character The patient died after seventy-five days in the 
hospital 

The necropsy revealed a primary carcinoma of the left lung occupying the left 
lower lobe and extending along the posterior axillary line just below the mter- 


20 This case and case 8 were reported previously in detail Cf footnote 18 
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lobar fissure There were metastases to the pleura, bones, liver and suprarenals 
In the brain a tumor nodule measuring 1 S cm m diameter was found in the left 
posterior parietal region It was definitely adherent to the dura by clot, and its 
base seemed to have infiltrated the dura in places 

The pathologic diagnosis was primary carcinoma of the lungs, metastatic to 
the brain, bones, pleura, liver and suprarenals 

The notion that the first complaints of the patient may be, and 
indeed frequently are, referred to the metastatic involvement by the 
tumor IS practically unknown In this case particularly, the idea that 
the bones were the seat of a secondary new growth from somewhere 
in the body was not even suspected, owing, apparently, to the fact that 
it concerned a woman, it is still believed that the bones are usually 
involved b}’’ a metastatic cancer from the prostate only It is now 
known that primary carcinoma of the lungs, as well as of the liver, 
metastasize readily to bone Older pathologists and surgeons observed 
frequent involvement of the bones from mammary cancer It is rarely 
seen now because the tumors of the breast are removed early The 
metastasis to the brain was not heralded in this case by any signs or 
S3Tnptoms, or possibly it had been overlooked, due to the small size 
of the tumor 

The signs found on examination of the chest were indefinite, and 
the presence of an area of consolidation at the base of the lungs indi- 
cated a pulmonary infarct (It will be remembered that the patient 
coughed up blood a few weeks before admission ) 

Here, then, were unquestionable signs and symptoms referable to 
the organs of the chest The)i were overlooked (1) because the 
patient’s “alarming” complaints were directed to other organs, and (2) 
because of the lack of knowledge concerning the frequent occurrence 
and behavior of primary carcinoma of the lungs, particularly lack of 
knowledge of its power to give widespread metastases 

III METASTASES 

A Metastases m Geneial — Primary carcinoma of the lungs possesses 
a vigorous metastatic power, and its metastases are, as a rule, widely 
distributed This has been attributed to the facts that (1) the tumor 
IS malignant and its dissemination effected with rapidity, (2) the 
lungs are abundantly supplied with blood and lymph vessels, i e , with 
a rich net of channels facilitating the transport of tumor cells 

21 In a study of a case of primary bronchogenic cancer, Letulle and 
Jacquelin (Les “embolies bronchiques” cancereuses, Presse med 32 825, 1924) 
produced evidence that the transmission of tumor from one lung to the other 
was effected by waj of the bronchi, similar to the occasional propagation of 
tuberculosis from one lung to another b 3 '' way of a bronchial embolus — “embolie 
bronchique” — as described first by the French pathologist, Sabourm 1 he authors 
ha\e designated this method of metastases as “metastase aerienne” 
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It seems, however, that m malignant disease, analogous to infectious 
processes, the host himself has to be taken into consideration Many 
^^eais ago, Lubaisch" noticed that blastomatous cells which had been 
cai ned into the circulation grew there only when favored by some 
factors which he thought emanated from the tumor cells themselves 
In his opinion, malignant cells secret a toxic substance which passes 
into the cnculation, eliminating the factoi present m normal human 
plasma, inhibitory to tumor cells The fact that the tributary lymph 
glands 111 cancer show structural changes of toxic oiigm long before 
they have been involved by new growth is, in the mind of Lubarsch, the 
result of some kind of secretion fiom the tumor which prepaies the 
ten am for its implantation He regards the property to form metastases 
as a consequence of some kind of autointoxication 

To be sine, the pioperty of a new growth to metastasize and the 
abundance of metastases in one or another vaiiety of tumors depend 
on a numbei of factors, some of which will probably not be known 
until the final solution of the problem of a malignant condition It 
would appear, however, that the role of the organ itself m which the 
tumor arises is of minor importance m the wide distribution of 
secondary growths The liver, for example, gives rise to two varieties 
of tumors — hepatoma, or carcinoma of the liver cells, and cholangioma, 
or carcinoma of the bile duct Wliereas metastases from the cho- 
langioina are widespread, those from the hepatoma are surprisingly 
scant In the epithelium lining the acini of the prostate, two carcinomas 
of different structure may arise In one instance, the metastases are 
abundant, m the other, they are scant In the lungs themselves a 
numbei of cancers do not metastasize at all, while in other cases of 
pulmonary cancel the legional lymph nodes only are involved by the 
new growdh 

Observations have been made to the effect that the structure of the 
tumor IS an important factor influencing the abundance of metastases 
Soft, cellular tumors metastasize more readily than those which are 
poor in cells and, consequently, hard in consistency It has also been 
noticed that malignant disease occurring in extreme old age shows slight 
predisposition to metastasize widely Finally, paradoxic as it may 
appear, the abundance of carcinomatous metastases is generally in an 
inverse proportion to the rate of growth of the tumor , the slower the 
rate of growth of the neoplasm the wider are its metastases In a study 

22 Lubarsch, O Geschwulste Blutferanderungen bei Carcmom Ergebn 
d Allg Path 2 566, 1895, Uber destruirendes Wachstum und Bosartigkeit der 
Geschwulste, Ztschr f Krebs forsch 5 114, 1907 

23 Fried, B M Primary Carcinoma of the Liver, Am J M Sc 168 24 
(Aug) 1924 
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of 452 necropsies with cancer somewhere in the body, Kitain found 
that the cancroid and scirrhus type of carcinoma furnished the highest 
figures of widespread metastases 

In an experimental investigation of the formation of metastases in 
sarcoma of the hen, Pentimalh arrived at similar conclusions This 
author found widespread metastases, detected maci oscopically (lungs, 
liver, kidneys) in slowly growing tumors only In those which grew 
rapidly, metastases could be disclosed only by animal inoculation of 
small hemorrhagic foci (red metastases) found mostly in the liver of 
inoculated birds Analogous obseivations were made previously by 
Haaland in experimental transplantation of sarcoma in mice 

This possibly may be accounted for by the fact that lapidly growing 
tumors usually kill the animal or cause the death of the patient before 
widespread metastases have time to develop 

Although there are no definite data concerning the appioximate 
duration of the disease m piimary carcinoma of the lungs, yet it would 
appear that its advance is slow Not infrequently months of clinical 
observation controlled by roentgen-ray examination show a haidly per- 
ceptible advance of the growth Very likely, then, the wide spread of 
metastases in primary pulmonaiy cancer is due also, all other conditions 
being equal, to its usually slow growth 

B Metastases to the Central Net vans System — In nineteen cases of 
primary carcinoma of the lungs which I have investigated, extensive 
metastases to the brain occurred in nine instances, in addition to wide 
geneial metastases, the occurience of which, as said, is common in 
primary malignant disease of the lung German authois have noted 
also that the brain is frequently involved by primary bionchogenic 
cancer 

Seyfarth ® found involvement of the brain in thirty-two cases that 
he studied He does not say whether the brain was examined in all 
necropsies in his series Dosquet,^'^ in a woik inspired by Lubarsch, 
investigated the material of the pathologic institutes of the cities of 
Berlin (fiom 1907 to 1920) and Kiel (from 1914 to 1918) Of 105 
primary cancers of the lung, 33, or 37 5 per cent, gave metastases to the 
brain 

The biain was examined in eleven of the nineteen cases that I have 
investigated Nine of the eleven cases showed ceiebral metastases 

24 Kitain, H L Zur Kenntnis der Haufigkeit und der Localization von 
Krebsmetastasen, etc, Virchows Arch f path Anat 238 288, 1922 

25 Pentimalh, F Ueber Metastasenbildung beim Hunersarcom, Ztschr f 
Krebsforsch 22 64, 1924 

26 Haaland, M Die Metastasenbildung bei transplantierten Sarkomen der 
Maus, Ztschr f Krebsforsch 5 122, 1907 

27 Dosquet Ueber die Metastasenbildung bei Pnmaren Lungen und Bronch 
Krebses, Virchows Arch f path Anat 234 481, 1921 
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This IS of inteiest m that cancer, according to the commonly 
accepted theory, spi eads only by way of the lymphatics, which are lacking 
in the cential neivous system 

Moie recent obseivations, howevei, are to the effect that the blood 
stieam is much moie frequently invaded by cancerous cells than was 
commonly thought (Schmidt^® and Goldmann 

My own investigation of the pathologic material at the Harvaid 
Medical School is in complete agieement with that of the authois quoted 
Tumoi cells weie mvaiiably found m the vessels (lumen oi wall) of 
\aiious cahbeis, and also in the capillaiies of almost every case inves- 
tigated Figuie 4 demonstrates thiombosis of a laiger pulmonaiy vein 
by cells of a bionchogenic cancer Carcinomatous cells, as seen, have 
invaded the vasculai coats and have also luptuied the vessel wall 
Again, It IS of inteiest to note that m almost eveiy case studied, the 
biam contained numeious tumor nodules, invading practically every part 
of the hemispheies and also the cerebellum, which affords definite evi- 
dence foi hematogenous tianspoit, with possibly “showers” of emboli 
earned to vaiious structuies of the brain 

C 1 he Cause of the Fi cquent Occiiirence of Cerebral Metastases in 
Pnmaiy Pnlmonaiy Cancer — The stiikingly frequent occurrence of 
metastases of the hi am in primary carcinoma of the lungs, an occurrence 
which IS relatively lare in extiapulmonaiy cancers, m addition to the 
factors mentioned, is particularly favoied by the absence of any barrier 
between the lungs and the brain A cell embolus from a pulmonary 
cancer passes, of course, fiom the pulmonary vein and heart directly 
into the ceiebial cii dilation A similar embolus from elsewhere m the 
body on its way to the cential nervous system passes primarily through 
the “sieve” of the lungs, the lattei seiving as a barricade, keeping back 
the advance of the giowth 

Cancer of the breast, ^s shown by Goldmann,^® reaches the lungs 
with great fiequency The tumor emboli are, however, caught by the 
pulmonary capillaries m which they are, so to speak, immured Moreover, 
they lead frequently to the foimation of local infaicts followed by 
organization and destiuction of the metastatic neoplastic cells This has 
been confirmed in a recent investigation by Stei n 

Lubarsch affiims that both the lungs and the brain aie acid contain- 
ing oigans, and that cells of a pulmonaiy cancer reaching the brain find 
themselves, consequently, m conditions favoiable to their further devel- 
opment Burrows,^^ too, believes that for metastases to localize in 

28 Footnote 1 (first reference) 

29 Footnote 1 (second reference) 

30 Stern, A Das Schicksal eingeschwemmter Geschwulstzellen in der Lunge, 
Virchows Arch f path Anat 241 219, 1923 

31 Burrows, M T The Mechanism of Cancer Metastasis, Arch Int Med 
37 454 (April) 1926 
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distant organs or tissues these points of localization not only must be 
sites in which the circulating stimulus can collect, hut also must con- 
tain an ample collection of other nutiient substances for the growth of 
the cells 



Fig 4 — Primary carcinoma of the lungs, showing thrombosis of a pulmonary 
vein by tumor and tumor cells infiltrating the vascular wall which has ruptured 
in one area (upper part) A small celled, bronchogenic cancer 


Besides the chemical composition of the brain invoked by Lubarsch 
to explain the success of the metastatic growth, there is, I think, another 
factor the anatomic and physiologic condition that plays the outstanding 
role and is indeed more favorable (for the growth) in the brain than 
in the lungs In bronchogenic cancers, there occurs, as a rule, a more 
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or less extensive atelectasis of the healthy part of the involved lung, 
accompanied by wide neciosis of the tumor itself, interfering undoubt- 
edly with the advance of the growth In the brain, however, the tumor 
IS piovided with an excellent blood supply — a primordial factor indis- 
pensable for the growth of tissues m physiologic, as well as m pathologic, 
conditions Moreover, Ewing affirms that there is, as a rule, an 
increased anaplasia and more rapid giowth m metastatic tumors in 
genei al 

The five case histones which follow have a twofold interest In the 
fiist place, in all of them the complaints were referred to the cerebral 
metastases, and the primary pulmonary tumoi either was accidentally 
found following an operation for removal of the metastatic tumor oi 
was a postmortem surprise In the second place, m the presence of 
such a double lesion with dominating intracranial symptoms, should a 
surgical attempt be made to remove the cerebral lesion 7 This has been 
recentl}'’ discussed b} Giant from the Surgical Clinic of the Peter 
Bent Brigham Hospital 

Case S — An adult zvith acute psychosis classed as an tntiaaanial tumoi sus- 
pect Death zuithout Opel atiou Neciopsy Pixinai y cat cinoma of the lungs with 
genet alized metastases to the biain, leptomemngcs, supi at enals, livci and lymph 
nodes 

Histoiy — A man, aged 55, entered the hospital, Oct 23, 1921, complaining of 
se\ere headaches, tinnitus of the left ear unsteadiness of gait, projectile vomiting, 
difficultj in talking, hallucinations and Bell’s palsy He had ahvays been healthy 
up to September, 1921 The family history was negative 

The present illness begam suddenb on Sept 20, 1921, when the patient was 
brought home from work with a paraljsis of the left side of the face At the 
same time he was disoriented as to time, place and person for a few minutes 
Since that time he had been restless and wandering mentally, and his speech 
had been thick and hard to understand A few days later he developed projectile 
\omiting and hallucinations of death 

Physical examination showed an emaciated and disoriented man The objec- 
ti\e S 3 mptoms may be summarized as follows 1 Restlessness and inability to 
cooperate 2 Bilateral blurring of the nasal margins of the disks 3 Protrusion 
of the tongue slightly to the left 4 Blood pressure systolic, 160, diastolic, 80 
5 Ele\en cells in the spinal fluid The fluid was positive for sugar and negative 
for globulin In addition to these positive features, the blood Wassermann 
reaction vas negative, the hemoglobin was 90 per cent, and the leukocyte count 
w'as 7,800 per cubic millimeter The temperature w^as normal Roentgen-ra> 
examination of the head and sinuses did not show any abnormalities The 
patient died after sixteen days m the hospital 

The impression w^as that possibly an alcoholic psychosis was present 

At necropsy, the primary tumor was found to occupy the entire lower lobe 
of the left lung In the brain, metastases w'ere found in the floor of the fourth 
ventricle on the right, m the lateral ventricle on the surface of the caudate 
nucleus, beneath the cortex and at the inferior and lateral aspect of the tip 
of the occipital lobe , in the center of the temporal lobe, and in the leptomeninges 


32 Ewnng, J Neoplastic Diseases, ed 2-d , 1922, p 86 

33 Grant, F C Concerning Intracranial Malignant Metastases, Ann Surg 
84 635, 1926 
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The features of remarkable interest in this case were the absence of 
any complaints referable to the respiratory oigans, the sudden onset of 
the disease with cerebral symptoms and the unusually extensive metas- 
tases (brain, multiple — leptomeninges, pleura, liver, suprarenals and 
lymph nodes) It is obvious that the physical signs in the chest had 
been overlooked on account of the patient’s cerebral condition 

Case 9 — A woman with a st\ months’ htstoiy of headaches, legatded as a 
cerebral tumoi suspect Operation with lemoval of tumoi fioin left occipital 
lobe Recovciy Pathologic diagnosis Caicmoma metastatic fiom the lungs 
Histoiy — A Jewish housewife, aged 46, was admitted to the hospital, April 6, 
1925, complaining of headaches She had been healthy up to about five months 
previously, when she began to have frontal headaches which were at first mild, 
but which later became severe and continuous, confining her to bed Her 



Fig 5 (case 9) — Primary carcinoma of the lungs A well circumscribed tumor 
originating in the bronchus of the right hilum 

bowels, which always had been regular, became obstinately constipated, requir- 
ing daily cathart cs or enemas Her appetite was good, but she had lost 21 
pounds (9 5 Kg ) in weight since the onset of the disease 

Examination of the viscera showed nothing of importance Clinically, no 
pathologic changes were present 

A neurologic examination showed slight weakness of the right side of the 
face, and a coarse tremor of the tongue The reflexes were normal 

A lumbar puncture showed clear fluid which was under normal pressure 
There were only lymphocytes in the fluid (45 before and 30 after hemolysis) 
The ej^egrounds showed bilateral choked disks with hemorrhages 

The impression was that a tumor of the left side of the brain or pachy- 
meningitis hemorrhagica was present 

The patient was operated on, and a cystic tumor as large as a hen’s egg was 
found situated in the left occipital lobe On histologic examination, the tumor 
was composed of squamous epithelial cells arranged in tubules and wide strands 
The pathologic diagnosis was metastatic carcinoma 

Roentgenologic examination showed a rounded mass m the hilum of the 
left lung having fairly sharp edges and being approximately 5 cm m diameter 

(fig 5) 
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Tile patient was discharged without pulmonary or cerebral symptoms five 
Aveeks after the operation (about seven weeks after admission) The diagnosis 
was primary carcinoma of the left bronchus with metastases to the brain 

Theie are analogies between this case and case 8 1 There were 

no complaints lefeiable to the oigans of the chest m eithei 2 In both 
cases the ceiebral symptoms were the leit motif of the patients’ com- 
plaints It will be noted, howevei , that in case 8, the onset of the disease 
was sudden and stoimy, and the ceiebial lesion unlocalizable In case 9 
the onset was insidious, and the clinical pictuie was that of a tumor of 
the biain 



Fig 6 (case lO) — Primary carcinoma of the lungs Roentgenogram taken 
about six months after the onset of the cerebral symptoms 

Case 10 — A man with a foui months’ htstoiy of ught sided paralysis, loss 
of speech and headache Ceiebial tmnoi suspect Opeiation with leinoval of 
tiimoi ftom left tcnipoial legion Pathologic diagnosis Carcinoma, metastatic 
fiom the lungs 

Histoiy — An American born merchant, aged 56, whose past and family 
histones were negative, was admitted to the clinic, June 25, 1925, with paralysis 
of the right side, loss of speech and headache He was apparently well until 
March 8, 1925, when he suddenly began to have attacks of twitching of the right 
side of the face with slight difficulty in closing his mouth, and slight difficulty in 
speech Four days later, he had three such attacks, each one beginning with 
convulsive movements of the right side of the face, associated with disturbances 
in speech and paralysis of the right side of the face His condition was progress- 
ing, and the diagnosis of tumor of the brain was made A cerebral exploration 
Avithout a subtemporal decompression was performed on March 26 No tumor 
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was found He had an uneventful recovery, but his symptoms increased steadily, 
speech becoming much worse, his arm becoming paralyzed, and his leg becoming 
involved He was given a few deep roentgen-ray treatments, with temporary 
relief 

The patient was well developed and well nourished The positive symptoms 
can be summarized as follows 1 The patient was m a semicomatose condition, 
he was incontinent and fairly responsive to strong stimulation 2 Right-sided 
spastic hemiplegia with increased reflexes, bilateral ankle clonus and Babinskt 
sign on the right were present 3 Bilateral choked disks with hemorrhages, with 
formation of new tissue and exudate were also present 

The impression was that a cerebral tumor, probably in the left temporal 
region, was present 

The patient was operated on, June 27, 1925, and a massive, partly degenerated 
tumor was removed, which on histologic examination was composed of epithelial 
cells having a tubular arrangement The diagnosis of a metastatic carcinoma 
was then made, and it was suggested that the tumor originated in the lungs 

On July 21, 1925, roentgen-ray examination of the chest showed a well 
circumscribed, large rounded mass in the left upper lobe anteriorly, extending 
from the first to the third ribs (fig 6) The remaining lung fields were essen- 
tially normal The impression of the roentgenologist was that a tumor of the 
lung was present 

On July 28, 1925, the patient had made an excellent recovery, and all his 
symptoms had improved considerably He was discharged with the diagnosis of 
primary carcinoma of the lungs, metastatic to the brain 

This case is, to a certain extent, an intermediary between cases 
8 and 9 Similar to case 8, the onset was sudden and stormy, but the 
cerebral lesion was difficult of localization It was thought at first that 
there might be a cerebral vasculai lesion of some kind Its analog}’’ with 
case 9 lay in the progressiveness, so to say, of the clinical course, this 
finally gave the definite picture of a tumor of the brain, which was 
followed by cerebral exploration 

Case 11 — A luoman zuith a Jnsfo7y of headaches accoitjpaiitcd by iwusea and 
vomiting of dve months’ dwation InUaciamal tumoi suspect Opeiatwn with 
1 emoval of tumoi Death Neciopsy Cai emoma, metastatic fiom lungs 

Histoiy — A M W, a trained nurse, aged 48, with a negative family history, 
was admitted to the hospital, Dec IS, 1913, complaining of headaches The past 
history, except for asthma of long duration, was unimportant The onset of the 
present illness had been insidious In February, 1913, she began to feel tired, 
although she worked without great discomfort About September, 1913, she had 
an attack of severe headache, accompanied by nausea and vomiting, and required 
morphia for relief Since that time similar attacks had occurred several times a 
week, usually being frontal, and drugs gave little relief 

Examination showed the patient to be fairly w'cll developed and nourished, 
wuth no evidence of acute illness The positive symptoms can be summarized as 
follow's Extreme degree of choked disk, protrusion of the tongue to the right, 
aphasia, ataxia and exaggerated deep reflexes, failing memory, poor concentration 
and marked depression An examination of the visceral organs showed nothing 
of importance 

On Jan 13, 1914, a tumor about the size of a hen’s egg was removed from 
the right frontal lobe The patient died about forty-eight hours followung the 
operation 

Necropsy — All parts of the brain were literally studded with tumor nodules 
of varj mg size In the brain, more in the gray than m the white substance, w^ere 
innumerable small foci, the diameters of which ranged in size from that of a 
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pinpoint to 2 cm , they were filled with a clear, gelatinous substance, often 
coalescing 1 hese small foci were in all sections of the brain, but in some 
places were much more numerous than in others The groupings of these 
nodules had some resemblance to grouping of tubercles in hematogenous 
tuberculosis, possibly corresponding to the distribution of arterial branches 

!Microscopicall}', the tumor was composed of columnar cells having in areas 
an adenomatous arrangement, and in others having a tendency to form cysts In 
one section from the hippocampus, a tumor metastasis was found within the 
\essels In another, a vessel was actually lined with the tumor cells with blood 
inside of it Often the cells seemed to grow on the wall of the vessel itself 

From a clinical standpoint, this case closely resembles case 9 because 
of the insidious onset of the cerebral symptoms, by the patient’s com- 
plaint, and by the positive symptoms Additional information received 
from a clinic in which the patient was previously under treatment was 
of interest From this report it was clear that the patient had had 
thoracic disturbances during three months previous to her admission to 
the hospital The heart was displaced to the right, the apex beat being 
felt 2 5 cm to the right from the mammillary line 

In this case also the neurologic signs and symptoms had over- 
shadowed those of the chest 

C\sr 12 — A malt, aged 41, with a six vioiillir' Jnstoiy of iight-sided paralysis, 
los^ of speech and scvcic headaches Opeiation with lemoval of tnmoi Result 
fiiipi ovcinenl Pathologic diagnosis Cat ctnoma, metastatic fiom the lungs 

Ihstoiy — A farmer, a native of Virginia, aged 41, with a negative past and 
family history, was admitted to the hospital, May 31, 1920, with paralysis of the 
right side of the body, inability to speak, severe headache and slight nausea and 
vomiting He had had diphtheria at the age of 13, followed by slight hoarseness, 
and measles, mumps and chickenpox with complete recovery He had always 
been well except for influenza in 1919 followed by a prolonged cough It was 
thought that he had pulmonary tuberculosis, but this was not confirmed by a 
specialist 

The present illness began m December, 1919, when he noted weakness of the 
right foot and about three weeks later, weakness of the right hand This 
gradually increased until the whole right side was affected Two months later 
(in February, 1920) he began to have projectile vomiting The diagnosis of a 
tumor of the brain was made, a subtemporal decompression performed, but no 
tumor was disclosed Following operation, the patient had a flaccid paralysis 
of the right side including the face 

Phvsical examination show'ed a poorly developed and poorly nourished man, 
partially paralyzed on the right side but able to walk with assistance He had a 
marked motor and sensory aphasia, flaccid paralysis of the whole right side with 
increased reflexes, a right facial paralysis not involving the brow, and impaired 
sensation of the whole right side The diagnosis of a tumor of the brain was 
made again, and an operation was performed, June 9, 1920 Portions of a necrotic 
and infiltrating tumor were removed, which on histologic examination proved to 
be a carcinoma The patient remained in the hospital twenty-eight days and was 
discharged improved 

On July 26, roentgen-ray examination show'cd the chest to be asymmetrical 
The mediastinum was displaced toward the left, and there was considerable 
increase m the density of the shadows about the left hilum, with some clouding 
of the posterior mediastinum at the level of the tracheal bifurcation The right 
side of the chest was distinctly larger than the left The increased infiltration 
about the hilum of the lung was, according to the roentgenologist, compatible with 
a mediastinal tumor 
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Clinically, this case was a counterpart of cases 9, 10 and 11 It is of 
interest in that it showed an asymmetry of the chest, the side affected 
being smaller This was discussed in connection with case 5 

COMMENT 

As a pathologic entity, primary carcinoma of the lungs does not pos- 
sess any outstanding peculiarities not proper to carcinoma elsewhere in 
the body Viewed from this angle, it therefore ought to be regarded as 
a part of the entire problem of malignant disease 

From a clinical standpoint, as with viscereal cancers in general, the 
patient ignores the early symptoms of the disease Moreover, it is pos- 
sible that in the early stages, and it is not known how long they are, the 
lesion runs an entirely silent course A pulmonary tumor, when dis- 
closed, IS usually found accidentally at a routine roentgenologic 
examination, at necropsy, or, as in some of the cases reported, during 
a surgical intervention for the removal of a metastatic cerebral lesion A 
clinical diagnosis of this condition, based on a few adventitious thoracic 
signs, found at this early stage of the disease is therefore out of the 
question 

As a rule, the patient consults the physician when the growth is well 
advanced Here, the failure in making a prompt diagnosis is due, in the 
first place, to the similarities existing between this condition and a number 
of other chronic pulmonary diseases , in the second place, to the fact that 
one IS actually perplexed with the “clinical irregularity” and the amazing 
dispropoition between the physical signs and the patients’ symptoms 
It IS still believed that symptoms and signs reflect precisely the under- 
lying anatom opathologic lesion Tins may be true in acute pulmonary 
conditions, but in cancer of the lung the localization of the tumor and 
the mode of its advance lead oftentimes to ambiguous signs confusing 
the most skilful clinician (cases 1, 2 and 3) At this advanced period 
of the disease, then, a diagnosis is based rather on the “atypical features” 
of the clinical picture, or it is made by exclusion (A few valuable signs 
found on physical examination of the chest in a certain type of tumor 
have been described by Fishberg in a recent report ) 

In brief, it appears that there are no clinical signs which, taken alone, 
would make the diagnosis of a primary neoplasm of the lung certain 
It IS believed that the roentgen-ray examination of the chest, broncho- 
scopy, and the intrapulmonary injection of iodized oil 40 per cent used 
separately or in combination, when added to the clinical data, make the 
diagnosis of this disease reasonably certain 

I 

34 Fishberg, Maurice Diagnosis of Pulmonary Neoplasm, Arch Int Med 
37 445 (June) 1926 
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CONCLUSIONS 

1 Eluopean statistics aie to the effect that the incidence of primaiy 
caicinoina of the lungs in relation to epithelial malignant disease in 
geneial is dispi opoi tionately high, figures given indicate that it occurs 
theie in fiom 5 to 6 per cent of all post moi terns In this countiy, 
bimilaily, an increase in the occurience of primaiy caicinoma of the 
lungs has been noted in the last decade 

2 Piimaiy caicinoma of the lungs owes its statistical increase to 
(a) bettei diagnostic methods and (b) increased human longevity The 
inciease, theiefore, is moie appaient than real 

3 A diagnosis of primaiy carcinoma of the lungs based on physical 

signs alone is never ceitain Careful analysis of physical signs, com- 
bined with clinical obseivation and laboratoiy methods of investigation 
(loentgen lays, injection of iodized oil and bronchoscopy), makes the 
diagnosis of piimaiy caicinoma of the lungs reasonably certain 
Bronchoscop) , with lemoval of the tissue, is appaiently the most reliable 
Cl iterion , 

4 The wide distribution of metastases in piimary caicinoma of the 
lungs IS due to (o) peculiaiities of its stiuctuie, i e , it is frequently 
soft and abundantly cellulai, and (b) its slow growth, since lapidly 
growing tumois usually cause death of the patient long before metastases 
have time to develop 

5 The fiequent occuiience of cerebral metastases from primary pul- 
monary cancel, as compaied with cancels from elsewhere in the body, is 
due to the absence of a barrier between the lungs and the brain 
Metastases from elsewheie in the body on their way to the central 
nervous S3'Stem pass piimaiily thiough the “sieve” of the lung^, in which 
they are usually “immured” and not infrequently perish 

6 Metastases to the biam from a primary pulmonary cancer are, as 
a rule, hematogenous in chaiacter 



CHANGES IN THE KIDNEY IN ANIMALS WITH 
INCREASED BLOOD PRESSURES WHILE ON 
HIGH PROTEIN DIETS"- 

FRANKLIN R NUZUM, M D 

SANTA BARBARA, CALIF 

This paper is concerned with the changes found in the kidneys of 
three groups of rabbits that had been fed high protein diets for periods 
as long as twenty-four months Many of the animals developed an 
increased blood pressure and clinical evidence of kidney injury ^ This 
evidence consisted first of albumin and casts in the urine, later of an 
increase of the nonpiotem nitrogen and urea nitrogen of the blood and 
finally of a decrease of carbon dioxide of the blood plasma 

The routine proceduie in experiments were as follows 

Forty-eight carefully selected young rabbits were placed in individual 
metabolism cages None of these animals had a spontaneous nephritis 
or a systolic blood pressure higher than 74 of mercury The cages 
were kept out doors the year around The blood piessures were 
obtained once each month by a method previously described “ At 
monthly intervals also, twenty-four hour samples of the uiine were col- 
lected for p-a deteiminations, and single specimens were obtained by 
pressure over the bladder, or by catheterization, for chemical and micro- 
scopic study Once each month enough blood was withdrawn from the 
marginal ear vein to determine the nonprotein nitrogen, the urea nitro- 
gen and the carbon dioxide of the blood plasma The methods of Fohn 
and Wu® were used for the nitrogen determinations, and the method of 
Van Slyke and Cullen^ for the carbon dioxide per cent by volume of the 
blood plasma Monthly weight charts were kept The special diets were 
given in such quantity that uneaten food was constantly present Water 
was likewise provided ad hbidum 

At the conclusion of the experiments the animals were killed by a 
blow on the neck Sections of the various tissues were placed in 10 
per cent formaldehyde and in Zenker « fluid They were sectioned by 
the paraffin method, and stained with hematoxylin and eosin 

* From the Santa Barbara Cottage Hospital 

1 Nuzum, F R , Osborne, Margaret, and Sansum, W D The Experimental 
Production of H>pertension, Arch Int Med 35 492 (April) 1925 

2 Nuzum, F R , Seegal, Beatrice, Garland, Ruth, and Osborne, Margaret 
Arteriosclerosis and Increased Blood Pressure, Experimental Production, Arch 
Int Med 37 733 (June) 1926 

3 Fohn, O F , and Wu, H A System of Blood Analysis, J Biol Chem 
38 81, 1919 

4 Van Slyke, W D , and Cullen, G E The Bicarbonate Concentration of the 
Blood Plasma , Its Significance, and Its Determination as a Measure for Acidosis, 
J Biol Chem 30 289, 1917 
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Newbuig and Claikson® fed high protein (26 8 to 36 2) diets to rab- 
bits foi fiom SIX to nine months They found changes in the tubular 
epithelial cells of the kidneys, consisting of gianulation, vacuolization, 
desquamation and flattening, with a resulting dilatation of the tubules 
Ihe glomeiuh were not changed Fibrosis was absent The evidence 
at hand led them to believe that the kidney injury was caused eithei by 
excessive excietion of amino-acids or in pait by the acid chaiacter of the 
urine They did not believe that the latter factor alone was responsible 

Polvogt, McCollum and Simonds ® gave lats diets langing in pro- 
tein content fiom 21 to 41 3 pei cent foi peiiods of from 250 to 400 
da) s These diets were “defective only in that they contained excessive 
amounts of protein ” The kidneys weie found to be laige and con- 
gested, and the capillaiies much distended Hyaline material was found 
between the glomerular tufts and Bowman’s capsule The tubular epi- 
thelium was degenerated In short “all the lats fed the diets high in 
piotein had lesions of the kidneys — of considerable severity ” 

Newton Evans and Risley^ gave 75 per cent casein, 58 pei cent rab- 
bit meat, 44 pei cent wheat gluten and 39 per cent soy bean protein 
diets to foui gioups of rats for periods vaiying from seven to fifteen 
months Clinical evidence of nephritis was present in the urine Marked 
tubulai degeneration was found in the kidneys, together with thicken- 
ing of Bowman’s capsule, hyaline compression of the tufts, extensive 
round cell infiltiation and repeated instances of definite replacement of 
lenal paienchyma by connective tissue These investigatoi s aie the only 
■ones to lepoit definite evidence of connective tissue increase 

On the central y, othei investigators repoit negative results follow- 
ing high protein feeding experiments 

Drummond, Crowder and Hill ® fed young growing rats a high pro- 
tein (casemogen) diet for 100 days Kittens weie fed a high pro- 
tein (raw beef) diet for 120 days Changes were not found in the 
kidneys of either species 

Anderson ° gave a 30 5 per cent beef protein diet foi “about a year” 
to rabbits that had been partially nephrectomized Only hypertrophy 
of the remaining portion of the kidney was found 

5 Newburgh, L H , and Clarkson, Sarah Renal Injury Produced in Rabbits 
by Diets Containing Meat, Arch Int Med 32 850 (Dec ) 1923 

6 Polvogt, L M , McCollum, E V, and Simmonds, Nina The Production 
of Kidney Lesions m Rats by Diets Defective Only in that They Contain Excessive 
Amounts of Protein, Bull Johns Hopkins Hosp 34 168, 1923 

7 Evans, N , and Risley, E H High Protein Ration as a Cause of 
Nephritis, California & West Med 23 437, 1925 

8 Drummond, J C , Crowder, G P , and Hill, E L G Nutrition on High 
Protein Dietaries, J Physiol 56 413, 1922 

9 Anderson, Hilding Experimental Renal Insufficiency, Arch Int Med 

37 313 (March) 1923 
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Jackson and Riggs gave a 76 per cent casein diet to five rats and a 
similar diet, with sodium bicarbonate added, to three rats for periods 
varying from ten to twenty months They obtained only hypertrophy 
of the kidneys 

Osborne and Mendel gave a meat residue diet (50 and 55) to 
growing rats for eighty days The kidneys of these animals averaged 
twice the weight of normal rat kidneys, and were one-third greater in 
size They did not find any changes of an inflammatory or degenerative 
nature 

There is a sharp contrast between the results found in these reports. 
In three of the four instances m which hypertrophy alone was obtained, 
the duration of the experiments varied from 80 to 100 days In 
the instance in which other changes were found in the kidneys, the 
diets were continued from 250 to 450 days The longer time mteival 
resulted in positive lesults for three o^ the four groups of investigators 
here recorded 

As these reports suggest, there is increasing experimental evidence 
that excessive protein or other disturbances occasioned by such a diet 
are capable of causing degenerative changes in the kidneys 

Newburgh and Clarkson have advanced the hypothesis that cer- 
tain of the amino-acids that result from protein breakdown during the 
processes of digestion are capable of causing increased blood pressure 
It is suggested that later this may lead to degenerative changes in the 
kidneys Major has demonstrated experimentally that methyl-guana- 
dine, a product of protein metabolism in the body, is capable of pro- 
ducing an elevation of blood pressure He advances the hypothesis, and 
likewise suggests this possible relationship to the degenerative kidney 
changes that follow continued hypertension 

I have attempted to obtain experimental degeneration of the kidneys 
by feeding high protein diets over long periods I have been impressed 
with the recently advanced theory that the passage of excessively acid 
urines over long intervals of time might in itself be responsible for kid- 
ney degeneration The protein in the diet has an acid ash, and pro- 
duces an acid urine The greater the amount of protein in the diet, 
the more acid the urine 

With this in mind, I have given diets high m protein content but 
containing the requisites necessary to growth and health to three gioups 
of twelve animals each A fourth group of twelve animals was 
kept as controls and fed greens, barley and alfalfa These experiments 

10 Jackson, Henry, and Riggs, Margaret D The Effect of High Protein 
Diets on the Kidnejs of Rats, J Biol Chem 68 101, 1923 

II Osborne, T B , Mendel, L B , Park, E A, and Winternitz, M C 
Physiological Effects of Diets Unusually Rich in Protein or Inorganic Salts, 
J Biol Chem 71 317, 1927 
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Aveie continued for twenty-four montLs (720 days), or approximately 
one-half of the natuial life of a rabbit One gioup of animals was 
given a diet originally suggested by McCollum,® containing liver pro- 
tein, 20 pel cent , casein, 20 per cent , maize, 20 per cent , wheat, 30 
pel cent , navy beans, 5 5 per cent , cod liver oil, 2 per cent , calcium 
caibonate, 1 5 per cent, and salt, 1 per cent Greens were fed at given 
intervals to pi event the development of deficiency diseases The urines 



Fig 1 — Section through cortex of normal rabbit kidney to be contrasted with 
sections in figures 2, 3 and 4 


from these animals were acid, the pn tanging from 5 to 6 A second 
group of twelve animals was given a vegetable protein (16 per cent) 
diet, the protein being derived from oats In addition, cod liver oil 
and tomato were given ad libidum, and alfalfa was included twice a 
week The mines of this group were continuously acid, the aver- 
aging from 5 5 to 6 A third group was given a third type of vegetable 
protein (38 per cent) diet, this protein being derived from soy beans, 
cod liver oil, tomato and alfalfa were also given as stated previously 


Table 1 — Pathologic Changes in Kidneys of Animals on Liver Diet 
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1 his diet gave an alkaline mine with a pn of 9 The blood pressiiies in 
these gioups became elevated m fiom thiee to fom months, and con- 
tinued so thioughont the duiation of the expeiiments, which m many 
instances weie earned on for twenty-foin months There was evidence 
of kidney damage m each of these thiee gioups, as shown by the pies- 
ence of albumin m the mine, the fiequent presence of casts and an 
mciease of the nonpiotem nitiogen and urea nitiogen of the blood In 



Fig 2— Thickening of walls of a small artery leading to two glomeruli, this 
thickening makes the vessel stand out distinctly in contrast to normal vessels in 
the kidney cortex 


many instances there was a marked reduction of caibon dioxide of the 
blood plasma 

A pathologic study of the kidneys of these fom groups of animals 
was undei taken to deteimine what type of change had ocemred, and 
whethei these changes wei e more marked m the animals with excessively 
acid urine 

A gieatei degiee of kidney damage, as detei mined by chemical 
studies of the mine and blood, was apparent m the animals that devel- 
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oped a moie marked increase in blood pressuie A considerable degree 
of arteriosclerosis was also present in the aorta and in the coronar\ 
arteries of many of these animals These changes were found in the 
kidneys of the rabbits on the liver diet This diet gave the most acid 
urines Five of nine animals that weie on this diet for four months 
or longer presented diffuse dilatation of the tubules This dilatation 
r\as due in pait to a flattening of the cells lining the first and second 



Fig 3 — Compression of glomerular tuft with In aline exudate, atrophy of cells 
lining convoluted tubules with dilatation of tubules, thickening of glomerular tuft 


portions of the convoluted tubules Scattered areas of round celled 
infiltration were present in all these instances Numerous tube casts 
were found Six of the animals presented a marked increase in the 
cellularity of the capillary tufts in thi glomeruli In addition, five of 
these SIX presented a thickening of the walls of the vessels in the medul- 
lary ra} s Six of the animals presented further diffuse areas of sclerosis 
scattered throughout the coitex This sclerosis consisted of a thick- 
ening of Bowman’s capsule and of a definite increase of fibrous con- 
nective tissue cells between tbe convoluted tubules 
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The gioup on the giam diet, in which the urines weie also acid, 
although as a lule less so, exhibited changes of a similar character, but 
the}'^ were not so maiked In this gioup, round cell infiltiation was 
piesent in five of twelve instances Tube casts were occasionally found 
Diffuse dilatation of the tubules was present in six of twelve instances 
Thickening of the vessel walls in the medullary lays was found five 
times An inci eased cellularity of the glomertilai tufts was observed 



Pig 4 — Further marked compression of glomerulus with hyaline material and 
changes as recorded in figure 3 


in four instances In one instance the tuft was compiessed by hyalin 
exudate within Bowman’s capsule The kidneys of three of the twelve 
animals did not pi esent any change 

In the soy bean group the urines weie excessively alkaline, the p-a 
averaging 9 Two of ten animals on this diet for four months or longer 
presented kidneys in which changes were not found Diffuse dilata- 
tion of the convoluted tubules and scattered areas of round celled infil- 
tration were present m eight instances Increased cellularity of the 
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glomerular tufts was noted six times Distinct thickening of Bowman’s 
capsule was present in three instances 

In the group of control animals, abnormal changes were not noted 
in seven of twelve instances Three animals presented a few scattered 
aieas of round cell infiltration in the cortex Cloudy swelling of the 
cells lining the convoluted tubules was present once Focal atrophy of 
the tubules was piesent once A localized area of fibrosis of the cor- 
tex has been leported in widely varying percentages m the kidneys of 
labbits which were being studied histologically for the presence of 
spontaneous nephritis 

COMMENT 

The characteristic changes in the kidneys of rabbits fed for many 
months on diets high m protein were found to consist of dilatation of 
the convoluted tubules, flattening and vacuolization of the cells lining 
these tubules, scattered areas of round cell infiltration, a marked 
inciease in the cellularity of the capillary tufts of the glomeruli, a thick- 
ening of the walls of the vessels in the medullary rays and a thickening 
of Bowman’s capsule Befoie the animals were killed and the organs 
obtained for study, the urine had repeatedly shown the presence of 
albumin and casts The blood had shown an increase in nonprotein 
nitrogen and urea nitrogen, and the blood pressures were increased 

The type of tubular dilatation and the changes in the cells lining the 
tubules, as described, had also been caiefully described by Newburgh 
and Clarkson ® and is considered by them a result of high protein diets 
They did not, however, find evidence of glomerular injury or of any 
increase of connective tissues I found evidence of thickening of the 
walls of the vessels in the medullary rays and of the capillary tufts of 
many of the glomeruli The thickening consisted of a definite increase 
of cells within the delicate walls of these vessels The number of 
nuclei within the glomerular tufts was increased The change was 
widely scattered throughout the kidney and did not involve localized 
areas There was also an increase of fibrous connective tissue between 
the tubules This increase was not like the focal scars found scattered 
through the cortex of kidneys which are otherwise normal It was 
widespread and was found only in those instances that presented atrophy 
and dilatation of the tubules These kidneys were slightly smaller than 
the kidneys of the control group The average weight of the kidneys 
from the liver fed group was 21 2 Gm as compared with 22 7 Gm m 
the control group 

The reason for the presence of blood vessel change in the kidneys 
of the animals may be the fact that my experiments extended over a 
period of twenty-four months, whereas Newburgh and Clarkson’s ® 
animals were kept on high protein diets for from six to nine months 
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The changes in the terminal vessel*^ of the kidney are inteipieted as 
a sclerosis Sclerosis, histologically resembling human scleiosis, was 
found extensively m the aoita and the coronal y arteries and then 
terminal capillaiies in these groups of animals on high protein diets- 
Such sclerosis was not found in the contiol gioup I believe that the 
changes in the blood vessels of the kidneys are the same as those 
desciibed in the aoita and coionaiy aiteries, and that they represent a 
true blood vessel disease The animals that presented these changes 
had inci eased blood piessures 

The factors in a high protein diet that might be lesponsible for the 
increased blood piessuie that lesulted m these groups, for the intimal 
scleiosis that was found and foi the kidney changes noted are matters 
on which theie is much discussion Newburgh and Clarkson ® grant that 
kidney change such as they desciibe may be due to infection acting 
on a kidney made susceptible to infection by the diet They are moie 
inclined to the belief that “the injury caused by the diet is either solely 
attiibutable to the excessive excietion of some ammo acids oi in part to 
the ammo acids, and m pait to the acid charactei of the urine” But 
the acidity of the mine, they feel, is by itself incapable of causing all of 
the mjuiy attributable to the diet 

I have been particulaily concerned with the lesponsibihty of the 
passage of excessively acid urines over a long period as an aid in the j^ro- 
duction of the kidney changes I have described The urines of the con- 
tiol gioups of animals had a / 1 h of 8 The mines of the gioup on hvei 
piotem were the most acid of any of the groups, the pn ranging between 
5 and 6 This group piesented the most marked kidney change The 
group on a 16 per cent oat protein diet likewise passed acid urines, the 
pii varying from 5 6 to 6 The kidney changes wei e somewhat less 
maiked in this group The urines of the gioup on the soy bean pro- 
tein diet weie excessively alkaline, and the pn averaged 9, which is high 
even foi a labbit The kidney changes in this group were less maiked 
than those in the others Seven of ten of these animals presented 
atrophy of the cells lining the tubules, with resulting dilatation Diffuse 
areas of fibiosis were found m three instances Aieas of round cell 
infiltration were found in six Newbmgh and Clarkson found tubular 
degeneration of this type in animals fed on a similar diet They con- 
cluded that some factor or factors concerned with the piotem in this 
diet must have been responsible for the change Mai tin Fischer^- has 
demonstrated that excessive alkalinity, as well as acidity, is capable of 
producing kidney injury The pn of the urine of this gioup of animals 
averaged 9 It is possible that the excessive alkalinity m this group of 
experiments might have been responsible for these changes 


12 Fischer, M H Edema and Nephritis, J Indiana M A 18 247, 1925 
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SUMMARY 

Kidney changes of a definite type were found in three groups of ani- 
mals fed on high protein diets for a period of twenty-four months 
These changes were not found in a group of animals kept under 
similar conditions but fed a mixed diet of alfalfa and greens 

The urines fiom the groups fed the liver and oat diets were acid 
Albumin and casts were found repeatedly The nonprotein nitrogen and 
urea nitrogen of the blood were increased The caibon dioxide of the 
blood plasma was decreased The systolic blood pressures were increased 
The urines from the group kept on a soy bean diet were excessively 
alkaline Clinical evidences of kidney injury were likewise present 

CONCLUSION 

It IS possible that the changes described were due in part to the 
excessive acidity or alkalinity of the urines passed by these animals for 
a period approximating one half of their natural lives (twenty-four 
months) 



YELLOW ATROPHY OF THE LIVER 

ACUTE, SUBACUTE AND HEALED ■< 

J D WILSON, MD 

AND 

E W GOODPASTURE, MD 
nasiiviilt: tbnn 

Acute yellow atioph^ of the livei is a i datively laie malady in its 
clinicalE lecognizable foim, and when it is of a sufficient degiee of 
scveiit}'’ to exhibit its classic clinical pictuie, it is almost invaiiably 
fatal Iheie aie leasons foi believing, howevei, that this disease of 
obscuie etiology may exist in foims which aie not of such laiity oi 
fatalitv as aie usually asciibed to it 

Foi many }eais pathologists have desciibed cases in which the 
lesions of the Inei indicated a healing oi healed stage of acute yellow 
atiophy, pointing to the piobabilit}-, if not pioving to the satisfaction of 
all, that lecoiei}'’ fiom a seveie attack of the disease may occiii 
In 1895, Maichand ^ cleailv lecognized the hypei plastic, legenei alive 
natuie of laige nodules of Hepatic cells which aie commonly found in 
such liveis, and which in some instances seem sufficient to cany on the 
function of the oigan In 1909, McDonald and Milne- desciibed 
healing stages of the disease, and m 1911, Malloiy'* classified as a 
distinclne giotip a “toxic cm hosts’’ ol the livei consisting of healed 
lesions of acute yellow atiophy which he was able to lecognize by then 
chaiacteiistic histologic changes 

Dining the veais immcdiatelv following the Woild Wai a lemaik- 
able inciease in the incidence of acute yellow atiophy was obseived in 
Germany In 1913, Lhubei’s' statistics showed no instance of livei 
atiophy among 84 cases of he[)atic disease, in 1920, theie weie 2 cases 
of atiophy among 200 similai cases, and in 1921, theie were 11 
instances of this disease among 149 cases Seyfaith “ noticed a similai 
mcieasc at Leipzig Befoie 1915, he obseived at neciopsy 1 case a yeai 
on the aveiage, while fiom 1915 to 1921 he saw 29 cases Repoits 
fioni pathologists and clinicians thioughout Geimany attested to the 
geneial inciease m the disease 

I From the Dcpaitment of Pathology, Vandeibilt University Medical School 

1 Marchand, F Beitr z Patli Anat ii z allg Pathol 17 206, 1895 

2 McDonald, S , and Milne, L S J Path & Bact 13 161, 1909 

3 Mallory, F B Bull Johns Hopkins Hosp 22 69, 1911 

4 Umber, F Klin Wclinschr 1922, 1 1585, 1922 

5 Seyfarth, C Deutsclie med Wclinschr 47 1222, 1921 
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With this increased incidence, an opportunity was afforded to study 
cases with reference to the possibility of atypical or milder attacks 
which might be followed by recovery As a result, several cases of 
undoubted instances of spontaneous recovery are now on record Such 
cases have been recorded by Umbei ,® Huber and Kausch,'^ Brutt ® and 
others, according to Stiumpell,** Seyfarth and Brutt, one must now 
recognize subacute and chronic forms of yellow atrophy 

Recently Pratt and Stengel reported several cases of healed yellow 
atrophy or “toxic cirrhosis” from their own material and from that of 
Dr Mallory’s laboratory They conclude that classic acute yellow 
atrophy of the liver is simply a severe, lapidly fatal type of a disease, 
which occurs also in a mild form , it produces few, if any, symptoms 
during the acute stage, but ends m cirrhosis The authors emphasize 
particularly the histologic characteristics of this type of cirrhosis, 
desciibed by Dr Mallory as “toxic cirrhosis,” which is readily recog- 
nizable 111 Its healed state and distinguishable from alcoholic and other 
types of cirrhosis 

In a senes of 130 autopsies pei formed in the department of pathology 
at the Vanderbilt medical school during the period of one year (1926), 
theie weie 3 cases of yellow atiophy, 1 acute, 1 subacute and 1 healed 
These cases seemed worthy of recoid because of the relatively high 
incidence of the disease m a short series and because of the possible 
relation of syphilis as an etiologic factor in two cases, they aie reported 
also in order to emphasize the possibility of lecovery fiom a relatively 
severe destiuction of the hvei appaiently without symptoms and to 
describe the histologic characteristics which make it possible to diagnose 
a healed case of yellow atrophy giossly and mici oscopically 

Case 1 — Histoj y — A colored boy, aged 8, entered the hospital complaining of 
headaches, inability to walk and blindness The present illness began about ten 
months previousl}'^ with headaches, which had become progressively worse Four 
months before admission, his father had noticed that the boy walked on his toes 
and had a tendency to fall forwara The patient went to bed six weeks prior to 
his admission and had not been able to get up since that time He did not have 
focal symptoms or fever, but he was extremeR weak The headache was worse 
when the patient sat up He vomited, but the vomiting was not projectile Up 
to the time of the present illness the patient had always been in good health He 
did not have a history of syphilis, and the Wassermann reaction was negative 
He had lost his vision, and optic atrophy and increased intracranial pressure 
were present 

Physical E\amination — Examination gave evidence of cerebellar tumor, and 
decompression was performed Cellulitis of the neck developed, with fever and 

6 Umber, F Deutsche med Wchnschr 45 537, 1919 

7 Huber, O , and Kausch, W Berl klin Wchnschr 57 81, 1920 

8 Brutt, H Mitt a d Grenzgeb d Med u Chir 36 29, 1923 

9 Strumpell, Deutsche med Wchnschr 47 1219, 1921 

10 Pratt, J H , and Stengel, A Tr A Am Phys 41 100 1926 
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admss'iolr ‘^o"cIition grew worse, and the patient died fourteen days after 

Amfoniv —The condition was diagnosed as acute yellow atrophy of 
he luer, necrosis of the cerebellum (postoperative) and acute infectious encepha- 
tis The liver weighed 610 Gm, it appeared small Over the convex surface 
were a few slightly elevated lobules from 3 to 4 cm in diameter, these lobules 
mottlecl^^'"^'^ ^ liver was reddish On section, the appearance was 

The microscopic appearance was that of typical acute yellow atrophy Appar- 
ently the necrosis was recent The skeletons of the lobules remained, the sinuses 
being distended with red blood cells The liver cells next to the necrotic areas 



Fig 1 — Section of the luer from case 1 


were in various stages of degeneration and necrosis Fat vacuolization was 
especially prominent Bile pigmentation was not observable and there was no 
regeneration The destruction was more marked in the central portion of the 
lobules about the hepatic venules than around the portal areas The distribution 
of the injury was, however, not uniform All liver cells in many lobules were 
destroyed over extensive areas, and in others the central portion of the lobules 
was more or less extensively injured with advanced degeneration of all the cells 
in the remaining portions , adjoining such areas were large blocks of lobules in 
which all the hepatic cells seemed to be normal The degeneration and necrosis 
seemed to advance to the lohules contiguous to those already destroyed 

Jn this case all the symptoms were attributed to a tumor of the 
brain, and the lesions indicated that the injury to the liver had occurred 
recently Jaundice was not observed, and in microscopic sections there 
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was no evidence of a biliary obstruction Most pathologists attribute 
the jaundice which occurs uniformly in severe cases of several days’ 
duration to an obstruction in the smaller bile ducts due to plugs in their 
lumina Such plugs were obvious in case 2, but were absent in this case 

Case 2 — Histoj y — A colored woman, aged 26, entered the hospital complaining 
of weakness, nausea and headaches The onset of her present illness was three 
weeks before admission Weakness was increasing, and she vomited four or five 
times a day Two weeks previous to admission, she had given up her work 



Fig 2 — Section of the liver from case 2 


and had gone to bed At that time she had noticed that her eyes were becoming 
yellow, and they had remained so She had had three attacks of vertigo, during 
which she had been completely blind Until her present illness her health had 
been good She had had typhoid fever m early life and influenza and pneumonia 
m 1920 She was a widow and had had one child, stillborn, and a miscarriage 
Physical Examination — Examination revealed jaundice, she did not have 
fever Examination of the blood revealed White blood cells, 6,850, red blood 
cells, 4,200,000, hemoglobin, 85 per cent, and clotting time three minutes Bile, 
albumin and red blood cells were found m the urine The Wassermann reaction 
was positive Eight days after admission, the patient had edema of the legs and 
some ascites The face was puffy There was tenderness in the right side of 
the abdomen , the liver was not definitely felt A mass was felt in the epigastrium 
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The stools were clay colored Three weeks after admission, the patient went into 
coma Because of tenderness and the mass m the epigastrium, she was trans- 
^rred to the surgical department An explorator}^ laparotomy w^as performed 
The gallbladder w'as not enlarged The patient’s condition grew' w'orse, and she 
died tw'entj-tw'o da 3 s after admission 

Mot bid Anatomy — Subacute i'ellow atrophj' of the liver, and acute hemor- 
rhagic bronchopneumonia w'ere diagnosed The liver weighed 570 Gm The 
consistencA w'as rather soft, and the organ w'as flexible The surface w'as coarsely 
and irregularly nodular, the nodules being orange-browm and slightly' elevated 
The tissue between these structures was dark reddish browm, soft and fibrous 
The nodular masses contained much bile pigment and w'ere apparentl}' areas of 
remaining Iner tissue The soft reddish areas w'ere regions in w'hich the liver 
cells had been destrojed 

Alicroscopicalh , there w'as ti'pical 3 ellow' atroph 3 ' with a progression of acute 
necrosis, phagoC3 tosis and a poB'morphonuclear and large mononuclear cell exudate 
EMdence of regeneration of the hepatic cells was seen, and much intracellular and 
extracellular bile pigment Obstruction to the larger bile passages was not 
e\ ident although numerous bile-stained plugs w'ere found in the smaller ones 

Tins case is of particular interest in that, while it is pathologically a 
ttpical instance of subacute tellow atiophy, having lasted five w'eeks, it 
ser\es to emphasize the difficult} of distinguishing this disease in its 
eaih stages clmicalh fiom catanhal jaundice It could not be deter- 
mined during life that the liter had diminished in size At the time 
of operation, the margin of the hvei was down to the costal margin 
Leucine oi ttiosine ciystals weie not found, and the stools were 
described as complete!} acoholic 

The history of a stillbiith a miscarriage and a positive Wasseimaiin 
reaction suggests the possibilit} of syphilis as an etiologic factor The 
number of cases of acute }ellow atiophy associated tvith syphilis is 
relatnely so high that many concede that m ceitain cases it may play 
an important idle (Heixheimei, Stiumpcke and Strauss) The asso- 
ciation of acute }ellow' atroph} w'lth svphilis cannot be explained as a 
lesult of hepatic injury due to aisenical therapy A similar association 
was frequent in cases in w'hich the patient w'as not so treated, as in the 
present instance m w'hich intravenous therap} had not been used It 
IS doubtful that aisphenamine alone would evei produce an acute yellow’’ 
atiophy in a noimal peison S}philitic infection is perhaps rather to be 
regal ded as one piedisposing condition to acute }ellow atrophy, which 
may be precipitated bi' intiaienous injection of aisenicals or b} other 
causes 

Case 3~Histoiy—A white min. aged 26, entered the hospital complaining 
of difficult and painful urination He had had t 3 'phoid fever and pneumonia at 
the age of 14 Gonorrhea had been present several years before his admission to 
the hospital The present illness began about six months previousb 

Physical Examination — Examination show'ed ulcer of the glans, stricture of 
the urethra, extravasation of urine, saddle nose, a positive Wassermann reaction 
and a nodular liver The patient developed bronchopneumonia, acidosis and acute 
renal insufficiency, and died on the second day after admission 
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Moibtd Anatomy — ^The condition was diagnosed as healed atrophy of the 
liver, acute urethritis, prostatitis, cystitis, and acute bronchopneumonia 

The liver weighed 1,150 Gm It was tremendously distorted and lobulated, the 
lobules being irregular and nodular instead of smooth The consistency was firm 
Between the larger lobules were areas m which the parenchyma of the liver 
appeared to be missing, and in which only connective tissue, bile ducts and blood 
vessels remained On section, the lobulated foci consisted of large masses of 
regenerated liver tissue, while the intermediate softer areas apparently did not 
contain parenchyma The whole process seemed to be an old one, not active 
There were fibrous adhesions over the dome Ascites was not present 

Microscopically, in the contracted areas the cells of the liver had completely 
disappeared, leaving a collapsed, contracted, dense connective tissue stroma con- 
taining bile ducts which outlined the skeletons of previous lobules Throughout 
this fibrous tissue there were many lymphocytes and plasma cells, and occasionally 
polymorphonuclear and mononuclear leukocytes The large areas of hepatic 





Fig 3 — Liver from case 3, showing the healed stage of yellow atrophy 


parenchyma presented normal appearing liver cells without definite lobulation- 
There were areas of regenerated liver cells, these were definitely circumscribed 
by the dense atrophic stroma and did not show any evidence of progressive injury 
The process appeared to be a completely healed stage of yellow atrophy 

The gross appearance of the liver in this case left no doubt that 
there had been an extensive destruction of the hepatic parenchyma, 
involving large areas of the liver, and that the remaining islands of liver 
cells had regenerated to form the massive nodules of functional tissue 
There was no scarring such as one finds in the syphilitic liver as a result 
of the healing of gummas The atrophic portions were not formed of 
scar tissue but had the appearance of a collapsed stroma which had 
become indurated , this was confirmed by histologic study The more 
or less regular architecture of a previous lobulation remained in the 
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atiophic areas The persistence of such a lobulation, which indicates 
that tlieie had been an acute destruction of all the liver cells in areas 
involving many entiie lobules, is the histologic criterion by which 
Malloiy was enabled to classify certain cirrhotic liveis into a group 
which he calls “toxic cinhosis,” and which he regaids as the healed 
stage of a destiuctive lesion identical in its beginning with acute yellow 
ati ophy 

In case 3 the liver did not beai any similarity to the chronic pro- 
pi essive type of cinhosis, but in its gross and microscopic features it 



p]g 4 — Section through an atrophic area in the liver from case 3 Persistence 
of lobulation is evident 


resembled most of the hitherto desciibed instances of subacute or chronic 
stages of yellow atiophy in that theie were both the extensive areas of 
atrophy and the large nodules of hypeiplasia In this case, however, 
the lesion was healed 

COMMENT 

These three cases illustrate the series of events that may lesult from 
an acute yellow atrophy, namely, the acute, subacute and the healed 
stages Intermediate stages between the subacute and the healed have 
been recoided, these deserve to be called chronic Such are the cases 
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studied by Marchand (6 months), McDonald and Milne (7 months), 
and others In case 2, necrosis was still advancing after the patient 
had been ill with jaundice for more than four weeks Though the 
clinical history referable to damage of the liver was wanting in case 1, 
microscopically a rapidly degenerative lesion was seen, which may have 
developed m a few hours or m a few days at most It would appear 
from this case that intense bile staining of the hepatic parenchyma, so 
frequently observed in yellow atrophy of the liver, may be the result 
of abnormal function and excretion of this pigment by the cells that 
remain rather than of a biliary obstruction coincident with the injury, 
for it IS absent in the acute stage 

It IS to be noted in these three cases that the gross and the micro- 
scopic appearance of the liver were chai actenstic, and did not suggest 
that acute yellow atrophy is an end-result of an extensive central 
necrosis like that which may occur following intoxication with such 
chemical poisons as chlorofoim or with streptococcic and other infec- 
tions The lesions are essentially focal m character, do not affect 
the hepatic lobules uniformly and are relatively large, consequently, 
in all stages the morbid anatomy of the liver is that of complete destiuc- 
tion of entire areas of parenchyma with an escape of the larger or 
smaller areas, which in time become hyperplastic The process differs 
m this respect from the effect of known toxic agents circulating in the 
blood and suggests the presence of some unknown local disturbance in 
the liver, irregular in its distribution, as an essential or contributing 
factor In the subacute, chronic and healed stages, the liver grossly 
appears coarsely lobular and irregular in the extent of lobulation If 
the lesion is healed, it is necessary to determine histologically that entire 
lobules of hepatic parenchyma have been destroyed in ordei to make a 
diagnosis of the condition As Mallory pointed out, one must find the 
skeleton of former lobules as outlined by a persistence of bile ducts 
with a collapsed vascular stroma between 

It does not seem justifiable, however, to diagnose the condition of a 
healed liver as “toxic cinhosis,” if by that term is meant the end-result 
of a central necrosis of the type so commonly seen as a terminal event 
after certain severe infections or after chemical poisoning Rather, acute 
yellow atrophy should be considered as a distinct disease with charac- 
teristic irregularity in the extent of its lesions, and of unknown etiology , 
it IS not duplicated by any known intoxication Consequently, we favor 
the continued use of the terms acute, subacute and chronic stages, as 
emphasized by Strumpell, Seyfarth and Biutt, and the term a healed 
stage of yellow atrophy Although these designations are impel feet, 
we believe they should be retained m order to preserve the identity of 
this peculiar disease, pathologically as well as clinically, until it can be 
given a more precise definition on etiologic grounds 
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SUMMARY 

1 Cases illustiative of an acute, a subacute and a healed yellou- 
atrophy of the luer aie piesented 

2 Reco\ei} from acute yellow atiophy is probabh more fiequent 
than IS general!} believed 

3 Diifeient stages of the disease have been accuiatel} lecognized 
pathologically, namely, acute, subacute, chronic and healed stages 

4 In the healed stage the In ei is grossl} and irregularl} lobulated 
The hepatic paienclnma is lepiesented b} irregular masses of hypei- 
plastic Inei cells, uhich aie sepaiated by a vascular, collapsed stroma 
in A\hich the skeleton of previous lobules peisist to a greater oi less 
degree Fi om this histologic picture the diagnosis ma} be made 

5 As the initial lesion of acute rellow atroph} difteis m distiibution 
and in extent if not in kind, fiom that of the ordinary toxic cential 
necrosis, and as we are }et ignorant of the etiolog\% it is belter ed that 
the term “healed rellow atroph} of the livei” is pieferable to the term 
“toxic cirihosis” as applied to the condition of the Iner which is healed 



POLLINOSIS 


CONSTITUTIONAL AND LOCAL FACTORS 
WARREN T VAUGHAN, MD 

RICHMOND, VA 

The wide prevalence of hay-fever alone would justify piesentation 
of any new concept offering possibilities of increased therapeutic effi- 
ciency Conservative statisticians estimate that fully 1 per cent of the 
population of the United States is afflicted with hay-fever ^ The 
malady is sufficiently incapacitating, but when it is considered that 65 
per cent of all persons with hay-fever finally become asthmatic,’^ the 
need for further developments in treatment becomes even more obvious 
Interest m these suffeiers is not alone humanitarian, for the economic 
loss to the victim is often gi eat Those who do not have hay-fever know 
well the debilitating effect of an ordmaiy acute coryza, and realize the 
struggle of those who must work at full efficiency while semiprostrated 
for weeks or months with an unrelenting ihmitis Even the welcome 
asylum of the hay-fever resort, usually located m a heavily timbered 
aiea m which weeds weie few, has in great measuie lost its power to 
give relief, increasing popularity having resulted m the building of large 
hotels, the clearing and cultivation of acreage and the consequent pro- 
liferation of weeds 

Hay-fever, recognized m the histoiy of medicine foi nearly 400 
years, since its description m 1565 by Botallus of Pavia, does not fail 
to justify Its name as much as some have asserted It is true that the 
major portion of cases in the United States occur some time after the 
period of timothy pollination and are attributable to the pollination of 
ragweed , but hay- fever was so designated and studied m England 
long before the American literature contained extended references, 
and in England even now the disease appears to be more prevalent m 
May and June, being well on the wane m early August ^ Hay-fever and 
lose-fever, however, are descriptive titles which are too often incorrect 
both m their etiologic insinuations and m their intimation of a febrile 
reaction A truer descriptive title should carry with it either the 
implication of an allergic state in the patient oi a more accurate designa- 
tion of the provocative cause Since pollens of one kind or another 
are almost invariably the immediate agent producing seasonal rhinallergic 
reactions, we propose to adopt the term “polhnosis ” It is true that 

1 Balyeat, R M Hay-Fever and Asthma, Philadelphia, F A Davis 
GompaiWi 1926, p 12 

2 Vaughan, Victor C Epidemiology and Public Health, St Louis, C V 
Mosby Company, 1 65, 1922 
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alleigens other than pollens, such as oiris loot, animal dander or dust, 
will pioduce the symptoms of vasomotor ihinitis even with seasonal 
lecurrences, but if the statement that 95 pei cent of all such cases are 
attributable to pollens is coriect, the term “polhnosis” will fit the case as 
satisfactorily as do the designations of the majoiity of known diseases 

The functional pathology of pollmosis can be satisfactorily discussed 
only in conjunction with the pathology of alleigic reactions in general 
Only those pathologic observations that have a direct bearing on certain 
concepts will be piesented in this article Anaphylactic shock is a con- 
stitutional reaction, its site apparently being intracellular The outstand- 
ing lecogmzable functional alteiation consists of increased spasticity of 
smooth muscle 

Geneial anaphylactic reactions piesent different clinical pictures in 
diffeient experimental animals In the guinea-pig, after a preliminary 
mild stage in which there is evidence of nasal nutation with sneezing 
and scratching of the nose, the symptoms become chiefly respiratory, 
comparable to those observed in a human being with asthma, and at 
necropsy the outstanding feature is pronounced spasm of the smooth 
muscles of the bronchioles 

In rabbits that have died from anaphylactic shock, distention of the 
lungs IS not obseived, but the evidence points to a pronounced tonic 
spasm of the muscular coat of the pulmonary arterioles Theie may 
possibly be a similar increased tonicity in the systemic circulation 

In dogs the outstanding featuie is a pronounced fall in blood pres- 
sure, apparently due to some action on the neuromuscular neive endings 
With this, but not dependent on it, theie is an increased flow of lymph 
and a severe local reaction in the intestines This amounts practically 
to an acute enteritis with edema and petechial hemorrhages in the 
mucous membrane of the gut, the lumen of which is often filled with 
mucus mixed with blood Manwanng ® has found that the liver in dogs 
IS a most impoitant organ in the pioduction of anaphylaxis With the 
liver out of the circulation, anaphylactic shock does not occur in dogs 
Weil suggests that most of the circulatory disturbance m the dog may 
be attributed to obstruction in the portal circulation 

He suggests that the differing symptoms in these three types of 
laboratory animals aie due piimaiily to differences in quantitative dis- 
tribution of smooth muscle He finds theie is an astonishing develop- 
ment of the bronchial musculature in normal guinea-pigs, while the 
pulmonary arteries of rabbits present a remarkable degree of muscular 
development The walls of the hepatic veins of dogs differ from those 
of the other animals in showing again a high muscular development It 

3 Manwanng and Crowe T Immunol 2 517, 1917 

4 Weil, Richard, quoted by Zinsser Infection and Resistance, New York, 
The Macmillan Company, 1923, p 437 



388 


ARCHIVES OF INTERNAL MEDICINE 


IS true, particularly among dogs and rabbits, that not all animals selected 
for experiments respond equally well to induced anaphylaxis It 
seems possible that this variability may depend, m part at least, on the 
varied distribution of these muscle preponderances This suggests 
attractive speculation as to why some allergic persons develop hay-fever 
or asthma, others headaches or the symptoms of an acute gastro- 
enteritis, while others show predominantly dermal manifestations 

That anaphylaxis may be manifested only as a local reaction is 
demonstrated by the classic experiments of Arthus,® who, while working 
on rabbits, found that repeated subcutaneous injections eventually gave 
rise to edema, sterile abscesses and even gangrene at the sites of inocu- 
lation 

Coca® maintains that expeiimental anaphylaxis and clinical allergy, 
while presenting features of greatest similarity, cannot be considered 
as strictly identical, because m the lattei it has not been definitely 
proved that there is an antigen-antibody reaction Van Leeuwen ^ 
presents evidence that clinical allergy actually is an antigen-antibody 
reaction Kolmer ® believes that Coca’s insistence on the demonstration, 
by passive transfer, of antibodies in the serum of a sensitive person 
is too rigid, since antibodies may be developed in a sensitized animal, 
including man, without being successfully transferred by injecting the 
serum into another animal He doubts the justification for making a 
division on the basis of the ability to demonstrate antibody production 
The technic for discovering antibodies is too imperfect It is also pos- 
sible that antibodies may be present in cells when their presence in the 
blood cannot be demonstrated 

The symptoms of polhnosis result from the contact of a sensitive 
person with a specific allergen, usually a pollen protein The reaction 
may be local, limited to the upper part of the respiratory tract, or it may 
become generalized, with the symptoms of asthma predominating 

It seems reasonable to suppose that the reaction in the nasal mucosa 
may be a purely local sensitization reaction, but it must be borne in 
mind that nearly all of these patients show evidences of a generalized 
sensitization in the positive cutaneous reaction at a point far removed 
from the nose All such cases of polhnosis should be considered systemic 
and the general or systemic point of view should determine the method of 
treatment But is polhnosis purely systemic, or does local sensitization 
also play a part^ If the pollen protein weie to gam access to the body 

5 Arthus Compt rend Soc de biol 48 817, 1903 

6 Coca Tice’s Practice of Medicine, Hagerstown, Md , W F Prior 
Companj', Inc, 1 110, 1920 

7 Van Leeuwen, W Allergic Diseases, Philadelphia, J B Lippmcott 
Companj, 1925 

8 Kolmer Infection, Immunity and Biologic Therapy, Philadelphia, 
W B Saunders Companj', 1924, p 598 
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thiough some other portal, such as the skin, the stomach or the colon, 
would the sjmptoms still be those of “hay-fever,” indicating that the 
reaction is entirely general but with predominant symptoms in the nasal 
mucosa^ There is no doubt that nasal symptoms are a part of a gen- 
eralized leaction I have already referred to the nasal irritation in 
anaphylactic guinea-pigs Patients not infrequently experience sneezing 
during preseasonal desensitization when the hypodermic dose approaches 
the limit of tolerance Bernton has mentioned a most interesting case 
of a man sensitive to dust, who, shortly after the h)'podermic injection 
of dust extract, the nature of which he did not suspect, complained of 
an uneasy sensation in the nose, saying that it felt as though he were 
inhaling dust 

While sneezing clearly appears to be a factor of systemic reaction, 
there is also evidence that local sensitization plays a part 

I have elaborated ni}’' method of treatment on the basis of the follow- 
ing Itypotheses While the treatment is in general orthodox, I piesent 
an additional conception on the systemic side which has not received the 
considei ation I believe it desers^es 

1 Polhnosis IS primarily a constitutional disease in which the 
patient’s tissues are generally sensitive to the particular pollen that causes 
the S 3 TOptoms Nasal localization is sometimes a resultant of the sys- 
temic reaction To obtain the best results, the constitutional factor must 
be taken into consideration 

2 The localization of the reaction in the nose may be due in part to 
a specific sensitization of the tissues of the nasal mucosa 

3 The factor deciding nasal localization may equally well be non- 
specific, such as mechanical irritation in the nose Such a nonspecific 
provocative cause usually would not, however, produce the symptoms if 
a specific constitutional predisposition did not exist at the same time 

4 In a person with polhnosis there may be a coexistent sensitization 
to some protein which would not cause the symptoms of “hay-fever,” 
but the reaction to which, superimposed on the pollen reaction, enhances 
the manifestations of the latter 

The first postulate scarcely requiies further elaboration, it should be 
granted by all The second proposition appears equally logical The 
Arthus phenomenon mentioned demonstrates experimentally the pos- 
sibilit) of a local tissue sensitization reaction If one can obtain a posi- 
tive skin test on the back or arm of a person with polhnosis, it is but 
logical to assume that a similar local sensitization reaction strictly 
specific, will occur in the nasal mucosa The positive ophthalmic reac- 
tion IS a similar example Indeed, this conception was the rationale of 
the preseasonal desensitization with nasal sprays containing increasing 
concentrations of the specific pollen recommended a few years ago by 
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McKenzie*’ This treatment alone, however, does not take into con- 
sideration the systemic desensitization I used it thiough one season, 
directing the patient to apply the doses several times daily with an 
atomizer, at the same time, I tieated him for the systemic condition by 
the usual preseasonal hypodeimic inoculation The results were good 

Cooke, Duke and others have reported cases of typical seasonal 
pollinosis m which the results of the sensitization tests with pollens were 
negative I record three such cases Among 200 cases, Kern reports 
4 typical seasonal cases in which the patients gave negative skin reac- 
tions to pollens Two of these received conjunctival tests, one being 
weakly positive thereto Three were treated with pollen extracts 
appropriate to the season, with good results He believes that these 
are true cases of pollinosis with local sensitization only It would have 
been of interest to know whether nasal instillations of pollen extract 
would have produced a reaction , also whether the skin tests did or did 
not become positive after subcutaneous desensitization 

On the other hand, the recent work of Bernton,’^’^ in which he shows 
that one may be sensitive to only one of the constituent proteins of the 
pollen, may account for these negative reactions He found that just as 
one may give a negative i eaction to the whole wheat protein and a posi- 
tive reaction to one of the constituent wheat proteins, so one may give a 
negative reaction to the usual pollen protein, but a strongly positive 
response to one of its fractionations 

The third postulate — ^that nonspecific irritation increases the local 
symptoms — ^in my opinion, accounts for the benefit often attiibuted to 
and actually following nonspecific therapy Whoever has seen a spicu- 
lated pollen spore under the microscope requires little imagination to 
understand that the pollen itself, besides its specific antigenic properties, 
IS an actual mechanical irritant of decided significance Auer has 
convincingly shown experimentally how a mechanical irritant will deter- 
mine localization of the reaction in a sensitized animal or person Xylol 
applied to the ears of nonsensitized rabbits did not produce a great 
degree of inflammation On the other hand, when xylol was applied to 
sensitized animals which were then given otherwise ineffective doses 
of antigen local necrosis occurred He concluded that the inflammatory 
action of xylol caused accumulation of effective amounts of antigen in 
the locality affected 

The following illustrative cases will bring out some of these points 
more clearly and will preface a more extended discussion of the fourth 
postulate 


9 MacKenzie G M Desensitization of Haj'-Fever Patients bv Specific 
Local Applications, JAMA 68 787 (March 18) 1922 

10 Kern Ann Clin Med 5 371, 1926 

11 Bernton Harry S South, M J 20 257 (April) 1927 

12 Auer Proc Soc E\per Biol & Med 17 93, 1919 
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ILLUSTRATIVE CASES 

Case 1 — The patient had had fall hay-fever for several years, which came 
on any time between the 1st and the 15th of August She had been given 
courses of ragweed descnsitization, never with satisfactory results On being 
tested, she gave a negative reaction to ragweed, a three plus reaction to sun- 
flowers and two plus reaction to golden rod Following daily hypodermic 
desensitization with golden rod for tlnee weeks prior to August 1, the patient 
experienced practically 100 per cent relief throughout the 1926 season 

Antecedent failure was due to the physician’s failure to realize that sen- 
sitization IS specific and may be due to some pollen other than ragweed If 
a careful history had been taken, this would have been suspected, since rag- 
weed pollinosis never begins before the 15th and rarely before the 20th of 
August 

Case 2 — The patient had early spring and fall hay-fever and was strongly 
sensitive to roses, orchard grass, June grass and sunflowers and mildly sen- 
sitne to daisies and ragweed There was a negative reaction to timothy 
Some manufacturers of pollen extract advise that since 90 per cent of spring 
and summer pollinosis is due to timothy and 90 per cent of the fall variety 
to ragweed, these two pollens maj'^ be used with the expectation of 90 per cent 
of relief 

This IS one of the many examples of the cases in which desensitization 
with timothy would have been a complete failure 

Case 3 — A woman who had vasomotor rhinitis of four weeks’ duration 
reacted clearly to the pollen, but not to the gram, of corn At first she denied 
eating corn, but later recalled that she had been eating hominy daily during the 
period of sneezing and not previously She lived in the city, and the possibility 
of local pollen effect seemed remote She omitted corn and hominy from the 
diet, and was promptly relieved I have had two patients who were sensitive 
to the pollen but not to the protein of corn, and who developed attacks of 
sneezing after eating food containing corn In these cases there was a reac- 
tion due to a constitutional sensitization , the portal of entry was the stomach, 
but the constitutional reaction was manifested in the nose 

This is an example of pollinosis in which the local symptoms are not due 
to local reaction The observation that the sensitization was due to an article 
which customarily causes nasal symptoms on local contact is of interest 

While probably most cases of peienmal vasomotor rhinitis accom- 
panied by sneezing m and out of season are dependent on local contact, 
as with powders or soaps containing on is root, horse dandei, the dust 
fiom featheis and rabbit haii, house dust, etc, I have had a senes m 
which the sneezing followed the ingestion of food to which the patient 
was sensitive This is not infrequent m the experience of others, but 
diffeis from the last two cases described m that these patients were 
sensitive by test to the pollen but not to the food, and yet had symptoms 
on contact with the latter 

Case 4 — The patient with severe rhinorrhea occurring during the ragweed 
season, who was found strongly sensitive to the hair of dogs and rabbits, 
less so to feathers, dahlias, orchard grass and dandelions, and with negative 
reactions to foods,^did not improve on avoidance of these causes or on local 
palliative treatment of the nose Roentgen-ray examination, however, showed 
evidence of a maxillary sinusitis, and drainage of the sinus gave prompt 
relief 

Here sensitization may not have played a part, but the symptoms were 
those of pollinosis, and headache, local pain or tenderness, fever or leuko- 
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cytosis were not present, as one would expect m sinusitis A local mechanical 
factor produced allergic symptoms in a person shown by positive skin tests 
to be in an allergic state 

Case S — The patient, whose only symptom was sneezing, did not give any 
positive food, pollen or epidermal reactions, and his symptom was promptly 
relieved by the extraction of an abscessed upper canine tooth 

This case and case 4 show that while attention is being directed to allergy, 
the possibility of a purely local pathologic change must not be overlooked I 
have no doubt that those cases of asthma in which the rhmologists give relief by 
arg 3 Wol tamponage of the ethmoids are associated with local infection 

While the allergist probably fails too frequently to recognize such 
local pathologic changes, his error has not the same serious significance 
as that of the rhinologist who submits the patient to unnecessary intra- 
nasal operation while the cause is constitutional A patient with a typical 
vasomotor rhinitis of eight years’ duration had had the polyps removed, 
the ethmoids operated on, and submucous resection, all without benefit 
and was then piomptly relieved after he avoided the use of orris root, 
beans, peas, garlic, sweet potato and wheat 

Case 6 — The patient gave mild reactions to the proteins of chicken and of 
chicken feathers By avoiding these irritating proteins, he was relieved of a 
mild condition of asthma, which consisted chiefly of tightness in the chest 
without outspoken attacks Although not sensitive to ragweed or other pol- 
lens, and although not manifesting the symptoms of pollinosis, he is ill at 
ease during the pollen season, more so when in the country than in the city 
and particularly w^hen in the neighborhood of ragweed 

In this case it seems reasonable to conclude that the purely mechanical 
irritation from pollen in an otherwise mildly allergic person produces the 
sj’^mptoms 

Case 7 — The patient had a tjpical rag\\eed ha> -fever of five years’ dura- 
tion and a histor}'^ of attacks of urticaria of fifteen years’ duration Attempts 
at ragweed desensitization during the preceding four years had been unsuc- 
cessful The patient wms first seen during the hay-fever season, she was 
suffering wnth severe liay-feAcr which had not been mitigated by preseasonal 
desensitization She wms clearly sensitive to daisies, sunflowers, roses and 
ragweed She w’as tested with various foods and reacted to the proteins of 
egg, wheat, carrot and pepper After omission of these foods from the diet, 
the hay-fever was promptly relieved 

I shall now’^ discuss the fourth postulate I have recorded elsewhere 
m}'’ theor} of an allergic equilibrium or balanced allergic state Briefly, 
the h}pothesis is as follow^’s A person may be sensitive to some food 
protein, such as a food with which he comes in frequent, even daily, 
contact, and yet remain free from s)’Tnptoms Peshkin and Rost and 
Rackemann have found that about 10 per cent of children wuthout 
symptoms of allergj'- are sensitive to one protein or another They are 

13 Vaughan, W T South M J 27 749, 1924, Virginia M Monthly 
51 472, 1924 

14 Peshkin, M M , and Rost, W L Incidence of Protein Sensitization 
m Normal Child, Am J Dis Child 23 51 (Jan ) 1922 

15 Rackemann Am T I^I Sc 163 87, 1922 
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allergic but are in equilibiium The tissues aie able to handle a given 
quantum of the allergen without upsetting the alleigic balance Perhaps 
desensitization fiom fiequent ingestion of small amounts is a factor 
An overdose of the allergen, however mil upset the equilibrium with 
consequent precipitation of symptoms 

One may be sensitive to two piotems, maintaining allergic balance 
iihile the contact is with one only, but developing spnptoms on 
exposuie to both It ina}- be unnecessary to remove both for relief, the 
equilibrium being reestablished on the aioidance of one In the case 
just described, the patient nas sensitive to certain foods, the strongest 
reaction being to egg She had eaten wheat and eggs practically daily 
in the past with no symptoms other than an occasional uiticana She 
■was allergic but practically in alleigic equihbiiiim When exposed to 
lagweed pollen, she developed the typical symptoms of polhnosis 
Desensitization gave little or no relief, but another therapeutic proceduie 
remained possible The food proteins were eliminated, the additional 
tax on the system was relieved, and the patient returned to a balanced 
allergic state in spite of continued contact wuth ragw'eed proteins 

C\SE 8 — The patient had suffered from ragweed polhnosis for jears There 
was an acconipanj nig ragweed asthma, but no asthma at other times during 
the lear He was stronglv sensitne to ragweed and mildly so to the hair of 
rabbits and dogs, chicken feathers and nine food proteins He was relieied 
from haj-feier, but not from asthma, bj coseasonal desensitization There was 
prompt relief after aioidance of the food and other proteins to w'hich he was 
sensitive Through the 3 ear he had been able to sleep on feather pillow's and 
felt mattress and to eat the food to which he was sensitne w'lthout distur- 
bance of the allergic equilibrium 

My co-woikers and I have had seveial other patients with polhnosis 
w'ho w'eie not relieved or who were only paitially relieved by pollen 
desensitization, and wdio have subsequently been further relieved or 
cured for the season by avoidance of other proteins, usually m the food 
Therefore, w'hen a patient w'lth polhnosis does not lespond satisfactorily 
to treatment, he is tested as a matter of routine, w ith the food and epi- 
dermal proteins 

In these cases both factors at w'oik are specifically allergenic It is 
my belief that one of the factors ma}' be nonspecific A person sensi- 
tive to a protein but lemaimng in alleigic equilibiium may manifest 
symptoms aftei the action of some mechanical provocative cause This 
IS more often seen m allergic states othei than pollinosis The expeii- 
mental w'ork of Auei mentioned in the foregoing might be cited as an 
example Deimatographia produced aftei mechanical irritation in an 
allergic person is an example A person sensitne to a food which he 
IS eating daily may remain in balance until the mechanical nutation of 
a tight collai pioduces a local eczema 
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Case 9 — The patient complained of a seasonal hay-fever which lasted from 
March until the first frost She gave negative reactions to all of the available 
pollen proteins In order to be certain, these tests were all repeated, and the 
results again were negative She gave borderline reactions to several foods, 
and after eliminating them from the diet, she experienced from SO to 75 per 
cent improvement She was not given local nasal treatment while on the diet 

In this case the allergic balance was evidently overthrown by the mechanical 
irritation of the pollens in the inspired air This case recalls those described 
by Kern It would have been of interest to know whether his negative pollen 
reactors were sensitive to other proteins, such as food proteins 

Case 10 — The results in this case may be explained in the same manner 
A woman had perennial vasomotor rhinitis which however, was decidedly 
worse during the ragweed season There was a negative reaction to all pol- 
lens, a three plus reaction to the feathers of geese and ducks and to the hair of 
rabbits, a two plus reaction to oats and rice, and a one plus reaction to lettuce, 
squash and the hair of dogs Treatment consisted of avoidance of the irritants 
Prompt relief was experienced, and the patient has since gone through two rag- 
weed seasons without symptoms 


COMMENT 

I have attempted to show that there are often two, three or even 
more causative factors or agents which must be taken into consideration 
in the treatment of patients who have simple polhnosis The disease 
is constitutional with local manisfestations Often two factors may be 
grouped, one as predisposing and the other as exciting or provocative 
Usually the predisposing factor is specific, as exemplified in my dis- 
cussion of allergic equilibrium or the balanced allergic state The 
provocative cause may be specific, allergenic, or nonspecific, nonaller- 
genic The exciting cause may exert its action either constitutionally 
or locally Constipation, focal infection, endocrine disturbance, exhaus- 
tion, possibly calcium deficiency and the like may play nonspecific parts 
For the greatest success, however, the basis of treatment must be a 
conception that polhnosis is a constitutional allergic disease 

There are other details in a consideration of the treatment, but 
space does not permit discussion of them One of particular interest 
IS nonspecific desensitization, as with peptone Suffice it to say that I 
have had more poor results than good ones with peptone, but sufficient 
good results to justify trial when other methods have failed I do not 
know precisely how nonspecific desensdization reduces tissue reactivity 
Wells speaks of tissue inactivation when, through exhaustion, drug action 
or other injury, the sensitized cells cannot respond to the antigen-anti- 
body reaction 

The remarkable fact is that early in the development of the present 
system of pollen desensitization such good results were usually obtained 
Short lived saline extracts have now been replaced by more permanently 
potent glycerin and alcohol extracts Formerly coseasonal treatment was 
avoided as dangerous Since good results from daily coseasonal injec- 
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tions weie fiist repoited in 1923,^° tins method has been generally adopted 
in appropi late cases Indeed, Duke has recommended daily inocula- 
tions over a shortei time in his pieseasonal work, and I am able to say 
that in the 1926 season I obtained far superior results with the Duke 
method than with any othei pieseasonal system that I have employed 

Phillips lepoits good success with daily coseasonal inoculations 
He appears to have obtained excellent results from daily intradeimal 
injections, a method which would appear to have decided advantages and 
few disadvantages 

The investigations of Bernton already refeired to represent anothei 
advance in the work with the pollen protein itself and, like the improve- 
ments just mentioned, will promote greater success m specific pollen 
desensitization 

In spite of these foiward steps, however, cases remain in which the 
patients do not respond satisfactorily In these the application of the 
concepts bi ought foiward in this paper will further increase the per- 
centage of good 1 esults 

A closer liaison between the allergist and th^ rhinologist is desirable 
Local pathologic change serves as a nonspecific piedisposing factor and 
helps to disturb allergic equilibrium The rhinologist should cooperate 
to remedy these defects, but he should complete his work out of season 
Aside from making sedative applications, he cannot do any good during 
the attack, and reconstruction ivork will be productive of haim It is 
better to remove polyps, but this should be attended to before the symp- 
toms commence The patient with pollinosis should consult a rhinologist 
preseasonally foi local renovation at the same time that he consults an 
allergist foi pieseasonal desensitization 

Success in the treatment of this disease depends on many factors 
Among the more impoitant aie the following 

1 Recognition of the specific cause 

2 Ample specific therapy with a proved potent antigen, either preseason- 
ally, or coseasonally, or both 

3 Prevalence of pollen Too great a dose of antigen will overcome the 
the most efficient preliminary desensitization Conversely, the good results 
attributed to specific therapy are sometimes due m part to a low prevalence 
of pollen Two workers m different sections using identical therapy may 
observe radically different results due, not to the method, but to differing 
prevalence of pollen 

4 Weather conditions Sun, wind and rain determine the abundance of 
seasonal vegetation and the distance to which the pollen will be carried 


16 Vaughan, W T Specific Treatment of Hay-Fever During the Attack, 
J A M A 80 245 (Jan 27) 1923 

17 Duke Asthma, Hay Fever, Urticaria and Allied Manifestations of 
Allergy, St Louis, C V Mosby Company, 1925 

18 Phillips Relief of Hay-Fever by Intradermal Injections of Pollen 
Extract, J A M A 86 182 (Jan 16) 1926 
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5 The absence of too great physical alterations in the upper part of the 
respiratory tract 

6 Avoidance of mechanical irritation such as from dust 

7 Recognition and removal of other constitutional factors, either aller- 
genic or nonallergenic, which through their presence diminish functional effi- 
ciency and help disturb the allergic balance or equilibrium 

8 Cooperation of the patient Treatment properly applied is not altogether 
pleasant It is time-consuming and exacting Other considerations being 
equal, the more cooperative the patient, the greater will be the anticipation 
of good results 


CORRECTION 

In the article by Dr Albert H Rowe, entitled “House Dust in the Etiologv 
of Bronchial Asthma and of Hay-Fever” (Arch Int Med 39 498 [April] 
1927), an error occurred in the last paragraph on page SOI 5 per cent salt 
solution was used, instead of 0 5 per cent solution, as there stated 


Book Reviews 


S-iPHiLis UND iNXERE Medizin Von Hermann Schlesinger II Tcil Die 
S^Tihihs der Baucheingew eide Price, 19 50 marks Pp 289 Berlin Julius 
Springer 

The author says in his preface that this work deals with diseases that for 
the most part are well known, even though there is still liveb" discussion 
concerning many of them He also saj's that he approaches the subject as a 
clinician, as an “alter Krankenhausarzt ” His aim is to present facts rather 
than theories He admits that he is of a skeptical turn of mind and does not 
accept uncriticallj all that has been w'ritten about Msceral S 3 "philis One sees 
that he has a knowledge of chemical and other laboratorj" aids to the diagnosis 
and understanding of this topic, but it is also clear that in the studj' of a 
case Schlesinger does not depend entirelj on the van den Bergh test, or the 
V'assermann reaction, the sedimentation of the blood or on the roentgen ray 
There is old fashioned reliance on the histor}', subjective symptoms, palpation 
and percussion It is refreshing to read how^ sjphilis of the liver is diagnosed 
large!} b} such symptoms as pain, feier, the size and shape of the organ and 
by the therapeutic test Without disregarding the examination of the blood, 
he tells us how misleading the Wassermann test may be Some have contended 
that m this disease there are characteristic numerical changes in the leukocytes 
Schlesinger has frequently seen a relatne l}mphoc}tosis, but he concludes 
that “in s}philis of the luer no definite blood tormula exists and — wnth the 
exception of the serologic examination — the blood findings have no definite 
diagnostic or prognostic significance” There are scores of helpful diagnostic 
hints such as only an experienced obser\ant practitioner could give Thus he 
sa}s that blood} stools should not lead one too readily to believe that there 
are esophageal ^arlces or ulceratne processes due to the disease They may 
often be due to a mercurial enteritis, the result of over-vigorous medication 
And so all through the subjects of syphilis of the liver, stomach, spleen, 
kidne}, pancreas and bowel, the practical, w'ell tried, clinical features are 
stressed rather than the newer and theoretical It is not to be concluded, 
how'ever, that theor} and pathogenesis are overlooked These are given fair 
consideration As a good example ma} be cited his argument and conclusions 
concerning arsphenamine icterus Syphilis and nutritional disturbances furnish 
the groundwork for the icterus The drug, however, damages the liver 
parench}ma and leads to the icterus and liver atrophy, (p 80) 

The book is easily read There is a good bibliography, especially of German 
literature To one wdio w'lshes help in practical clinical wmrk in syphilis of 
the abdominal organs, the book may be warmly recommended 

The Coxquest of Disease By Thomas B Rice, MD, Assistant Professor of 
Sanitary Science, Indiana University School of Medicine Cloth Price, 
S4 Pp 363, illustrated New' York The Macmillan Company, 1927 

This interesting book was written primarily for the laity and general 
students, wnth three main purposes in view' (1) to set forth the most recent 
scientific information concerning the transmissible diseases to the end that 
these diseases may be controlled or perhaps ultimately eradicated, ( 2 ) to 
make the subject interesting, if possible, to the general reader, and (3) to 
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emphasize the great advances that have been made through scientific methods by 
comparing the past with the present 

One IS impressed with the accuracy and fairness of the contents, as well as 
with their clarity and simplicity, there is little opportunity for disagreement, 
and the use of highl}”^ technical terms is avoided Much interest is added by 
short historical accounts of each disease and by a review of many of the 
superstitions which arose from ignorance, misunderstanding and religious 
fanaticism 

Part one consists of a general survey Part two is devoted to a detailed study 
of each disease, grouped according to the manner of transmission The final 
chapters are devoted to a consideration of the means of control and explain 
the rationale of public health administration, sanitation, quarantine regulations, 
vital statistics, and registration of births and deaths There are no misstate- 
ments of fact, and the author’s sincerity and humanitanamsm should make a 
strong appeal to every intelligent reader Information of this character, pre- 
sented in such masterly fashion, cannot fail to advance the cause of scientific 
medicine 

Traite de physiologic, normale et pathologenique Published under the 
editorship of Drs G H Roger and L Binet, Professors of Physiology in 
the Faculty of Medicine, University of Pans Volume 7 Blood Lymph 
and Immunity Price, 65 francs Pp 502, with illustrations Pans 
Mason et Cie, 1926 

This volume on normal and pathologic physiology deals with blood, lymph 
and immunity It is a composite effort of eleven authors, with chapters on 
the morphology of the blood, hemoglobin and its derivatives, respiratory 
albuminoids of invertebrates, blood plates, bone marrow, blood coagulation, 
hemorrhage, blood transfusion, the lacunar system (including edema, dehydra- 
tion, etc ), lymph and lymph products, lymph glands, immunity (this chapter 
by Bordet) and anaphylaxis Each chapter has limited references to the 
literature The book as a whole is weakened by the absence of an index at the 
end, so that one has to hunt for the matter through the schematic table of 
chapters The chapter by Bordet on immunity is particularly excellent It 
seems strange, however, that in such an ambitious monograph on the physiology 
and pathology of blood and lymph with chapters on hemorrhage and edema, 
there should not be a chapter on the various types of anemia One is also 
struck by the fact that in the chapter on the physiology and pathology of 
the blood plates, reference is not made to the recent work of Howell on the 
significance of the blood plates in hemophilia The book as a whole, how- 
ever, IS readable, lucid, reasonably comprehensive and up to date 
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PROBLEMS OF DISEASES OF TFIE JOINTS •' 

FRIEDRICH VON MUELLER, MD 
Director II Medical Clinic, University of Munich 

MUNICH, GERMANY 

When one considers diseases of the joints, two pictnies arise before 
one’s eyes 

One IS that of a boy aged about 20 , immovable in bed because of 
severe pain in his swollen joints, high temperatuie and palpitation of 
the beait After some days or seveial weeks, the pain and swelling 
of the joints will disappeai perfectly and be will lecovei, but a mitral 
incompetence remains and be will be a lifelong invalid Seveial years 
later, a second oi thud attack of iheumatic fevei appeals, and pei- 
haps at last a lecuiient endocarditis bungs on death with the symptoms 
of a septic disease 

The second pictuie is that of a woman in an almshouse For many 
years, she has sulTeied fiom pain in the fingers, wiists, knees and 
other joints Most of the joints become moie and moie stiff and mani- 
fest def 01 unties of all kinds The whole day long she sits in an arm- 
chan or lies 111 bed She is unable to move her deformed hands, to 
take a spoon or glass to hei mouth, to bung a handkerchief to hei 
nose 01 to biush a fiy away from her face She is completely dependent 
on the good will of her nuise, she is foigotten by hei family and 
fi lends Month aftei month passes m the same solitude, though she 
is contented as long as hei pains do not giow excessive It is inter- 
esting to study the mental attitude in these chi onic diseases 

One might think that both these forms weie diffeient stages of 
the same disease, the acute and the chionic foim, but an exact study, 
especially of the pathologic anatomic lesions, shows that these diseases 
of the joints aie of a diffeient chaiacter 

SYMPTOMS AND SIGNS 

The student of pathologic changes of diseases of the joints will 
do best when he follows the steps of the gieat masters, and this is 
necessaiy for all those who aie not pathfindeis themselves In the 
eaily dawn of exact pathologic study, Virchow and Volkmann taught 

Address given at the formal opening of the Medical School of the University 
of Rochester, Oct 25, 1926 
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students to distinguish those diseases of the joints which aie of inflam- 
matory character and those in which only the degenerative processes in 
the joints prevail 

The classic signs of inflammation are found in the acute diseases 
of the joints The old Roman, Celsus, characterized inflammation as 
a syndrome consisting of the following symptoms rubor, calor, tuinoi, 
dolor and functio Ijesa The inflamed joint is hot and led from the 
increased flow of blood, it is swollen through exudation into the 
cavity of the joint and its sui rounding tissues, the joint fluid is rich 
in protein and leukocytes, and the joint is extremely painful and there- 
fore resists attempts on the patient’s pait to move the affected limb 

In the degenerative form, only slight pain is piesent, there is no 
exudation hut, instead, a slow degeneration of the cartilage takes place, 
accompanied by a proliferative outgrowth of osseous tissue 

In accepting this distinction between inflammatory and degeneiative 
proliferative processes, it must be realized that only the acute forms 
of inflammation present a purely exudative character and that m nearly 
all cases of inflammation some signs of regeneration are present 

Following the destiuction of the tissue in a severe inflammatory 
process of the joint, repair takes place through the proliferation of 
connective tissue cells This process often results in a thickening and 
retraction of the capsule and in hypertiophy of the synovial membiane 
Oftei ankylosis or adhesions take place between contiguous surfaces 
and in some instances large masses of new bone are produced 

In the acute arthritis of rheumatic fever, the signs of inflamma- 
tion are especially pronounced in the synovial membrane In healthy 
joints, the latter is a smooth, undifferentiated layer, poor in cells and 
in blood vessels, which never come to the surface, but which are rich 
m neive fibers In cases of acute rheumatic arthritis, redness and 
edema of the synovial membrane extending into the peiiaiticular con- 
nective tissue are demonstrable at biopsy The synovitis is characterized 
particularly by a perivascular and perineural infiltration of leukocytes 
and mononuclear cells Homer Swift believes that the intensive articular 
pain m rheumatic fever is due to the pressure of the inflammatory 
exudate on the nerves The cartilages aie completely fiee from blood 
vessels and nerve fibers, and therefore cannot play an active part in 
the inflammation or the pain 

Roentgen-ray studies have shown that m all cases of inflammatory 
disease of the joints the bony framework of the epiphysis is sooner 
or later greatly diminished and the epiphyseal ends of the bones sug- 
gest a cavity This atrophy of the epiphyseal regions is characteristic 
of all acute and subacute diseases of the joints and affords a character- 
istic distinction between the inflammatory and the productive hypertro- 
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pliic processes The ongin of this atrophy is not yet perfectly undei stood 
It may be that it is due mainly to the inactivity of the painstiicken 
joint Indeed, the maintenance of the noimal shape of the caitilages 
and othei joint stiuctures is dependent on activity and piessuie As 
soon as a joint becomes immobile, some degeneiation of the cartilages 
takes place and the osseous matter of the bones deci eases Howevei, 
in some cases that I have seen a proti acted immobilization of a nor- 
mal joint lesulted m only slight atrophy of the bones but pioduced 
a seveie leti action and fixation of the capsule In the atrophy 
caused by inactivity, the spaces of the bone mariow between the 
atiophic tiabeculae aie filled with fat as m noimal bones But in the 
cases of acute inflammations of the joints I have found gieat infiltra- 
tions of lymphocytes and polymoi phonucleai leukocytes filling the bone 
mariow spaces adjoining the affected joint This cellular proliferation 
produces a dense boidei suiiounding the bony trabeculae Often a zone 
of osteoid tissue is found at the periphery of this inflammatory process 
It may be assumed that the raiefied areas seen m i oentgenogi ams of 
the epiphyseal ends of the bone aie the end-iesults of the thinning 
and lesorption of the tiabeculae incident to the inflammatoiy leaction 
I have leason to believe that the infectious process does not begin 
111 the synovial membrane but m the bone mairow of the epiphysis, which 
is recognized as iich m blood vessels The infection may have its 
origin in the bone marrow of the epiphysis and may extend fiom that 
point to the periosteum and synovial membiane, as is the lule in 
osteomyelitis and tubeiculosis of the joints 

Dr Kyes of Chicago agrees with this point of view and from 
his expel iments with animals concludes that in geneial bacteremias 
the micro-organisms localize especially m the spleen and m the 
epiphyses of the bones, because in those regions the rate of the blood 
stream is slow A Fraenkel and his co-woikers m Hambuig have 
often isolated micio-orgamsms fiom the bone mairow of the veitebrae 
and the bone maiiow of other legions m a large pioportion of the 
cases of sepsis that they studied Fuitheimoie, Wassermann believed 
that the production of antibodies takes place especially m the epiphyseal 
osseous spaces 

The inflammatoiy process which has progressed from the epiphysis 
to the peiiosteum now extends to the synovial membrane, and the 
exudation into the cavity of the joint takes place in most cases This 
exudate is in most cases fiee fiom bacteiia, but despite this fact, one 
should not conclude that the inflammation is not of an infectious char- 
acter In eiysipelas and m many cases of pleurisy, the exudate is also 
free from bacteria, but it is well established that the bacteria he in 
the inflamed membranes However, m gonococcal arthritis, the joint 
exudate is often rich m gonococci 
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ARTHRITIS 

The word iheumatism is deiived from the Greek word rheo, to 
flow, or rheuma, flowing This expiession implies that a noxious sub- 
stance flows through the body and acts m many distant legions This 
flowing can take place only through the blood or lymph channels 

The term rheumatism has been applied to a great many pathologic 
conditions, myalgias, neuralgias and arthralgias I propose here to 
limit my discussion to a general pathologic anatomic study of the tiue 
inflammatory and degenerative-piohferative diseases of the joints 

Secondaiy arthritis is frequently seen in the couise of many infec- 
tious diseases such as scailet fevei, dysentery, gonorihea, cerebrospinal 
menignitis, puerperal fever and Malta fevei Gerhaidt grouped those 
arthritides of obvious metastatic character under the teim, “Rheumatoide 
Erki ankungen,” and he emphasized particularly the tendency towaid 
secondary arthritis in cases of putrid bronchiectasis 

An obstinate type of polyaithritis is sometimes associated with 
bacillaiy dysentery It is still a debatable question as to whether the 
inflammation of the joints found in this disease is caused by the toxin 
of the bacillus of Shiga-Kiuse or by a secondary infection with strep- 
tococci which have been found in the affected joints 

A painful aithiitis is frequently seen in the course of scarlet fevei 
Since the swelling and tenderness m the joints first manifest themselves 
on about the tenth day of the disease and begin to decrease m intensity 
in a few days, the picture is not unlike that found in the serum sickness 
occurring in the first week following the intravenous administration of 
large quantities of foieign serum in the treatment of diphtheria, tetanus, 
or pneumonia type I True seium sickness is chaiacteiized by the 
piesence of fever, urticaria, transient leukopenia followed by leuko- 
cytosis, eosinophiha, and by an arthritis of varying intensity It is 
tempting to conjecture that the arthritis seen in rheumatic fever is 
an allergic phenomenon paralleling that seen in seium sickness In 
this connection, it is of interest that Boots and Swift have demonstrated 
that the joint exudate in rheumatic fever is microscopically indistin- 
guishable from that occuiimg in serum sickness 

Besides the mild arthritis of scarlet fever already described, there 
IS a severe type which comes on m the later stages of the disease This 
has been shown to be due to stieptococcus metastases 

One of the clearest examples of inflammation of the joints is seen 
in gonoirheal arthritis It occurs nearly always in conjunction with an 
acute gonorrheal infection Relapses of the arthritis are raie, but they 
sometimes occur as the sequelae of a new infection with the gonococcus 
or an acute resumption of activity on the part of a previously quiescent 
gonococcal focus Theie is abundant evidence that the lattei piocess 
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takes place frequently It is particulaily apt to occui during the puer- 
peiiuni or following excesses in Baccho et Veneie, without leinfection, 
however I am acquainted with a physician who suffered thiee severe 
relapses of gonoiiheal rheumatism lasting many weeks Dining the 
arthritis, a tenosinovitis of both hands ensued, which resulted in a 
bilateral shortening of the fascia palmaris When the inflammation 
had ceased, both hands presented the picture of severe Dupuytren’s 
contracture, which gieatly hindered the physician in his practice Pain- 
ful gonococcal inflammation also occui s in the achilles tendon, and foi 
the most pai t achillodyma is due to gout or to the gonococcus 

Typical gonorrheal arthritis begins with a high tempeiature and 
with inflammation m man}'- joints, but in a short time the majoiity of 
the inflamed joints appear to have undergone healing The process 
then becomes localized in the knee joint, the ankle joint, or m many 
of the small joints of the hands, pioducmg almost unbearable pain 
and disability ovei a long period of weeks Roentgenograms of the 
involved joints begin to show significant foci of laref action in the 
epiphyseal portion of the bones at the end of the second week of 
the disease One cannot differentiate these i oentgenograms from those 
seen in acute iheumatic polyarthiitis 

In some cases of gonoriheal arthiitis, an endocarditis and sometimes 
a myocaiditis occurs There can be no doubt that this is a symptom of 
a definite bacteiial metastasis, since Leyden and others have isolated 
the gonococcus m pure cultuie from the valvular vegetations in endo- 
carditis and fiom purulent exudate in the joints 

A distressing ankylosis often remains as a sequel to the gonococcal 
inflammation of the joints This must be combated early m the disease 
by a legimen of persistent active and passive motion Although the 
impaiiment of motion of the joints may be due to a simple thickening of 
the capsule, the usual picture in the late stages of gonorrheal arthritis 
IS that of fibrous adhesions and osseous ankylosis between the adjoining 
joint structures A destruction of the caitilages goes hand in hand 
with this process 

Degeneiation and destruction of caitilages of the joints are some- 
times seen in other types of severe infectious arthritis I remember 
particularly one case of multiple involvement of the joints of the 
upper and lowei extiemities which was due to B coli acting its fre- 
quent idle of, a secondary invader to a gonococcal infection of the 
prostate and seminal vesicles Following the ascending infection of 
the urinary tract, the subacute polyaithritis ensued and theieaftei the 
patient died 

In Malta fever, polyaithritis is a fiequent and characteristic symp- 
tom In this disease the involvement of the joints runs a benign. 
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though chronic, course The pneumococcus, meningococcus and staphyl- 
ococcus are occasionally the causes of severe inflammation of the joints, 
but the commonest organism that is found in the acute polyarthritis is 
the streptococcus 

Singer of Vienna believes that the streptococci form one homogenous 
group, but, through the work of Schottmuller of Hamburg and Brown, 
working at the Rockefeller Institute in New Yoik, it has been proved 
that there are varieties of the micro-organism Schottmullei has 
described four types of streptococci 

1 Sticptococciis non-hemolyttcus, which grows in short chains, does not 
hemolyze blood on the blood agar plate and appears frequently as a saprophyte 
in the nasopharynx According to some investigators, it is often found in the 
joint exudate, blood and pericardial exudate of patients with rheumatic fever 

2 Streptococcus hemolyhcus, which grows in long chains, hemolyzes the blood 
on blood agar plates and is usually of a higher virulence than 1 

3 Sti eptococcus vindans, which grows m short chains On blood agar plates, 
instead of producing hemolysis, it becomes surrounded by a greenish zone of 
variable diameter 

4 Sti eptococcus putuficans, which is a small coccus that is difficult to culti- 
vate under ordinary laboratory conditions With appropriate anaerobic environ- 
ment, growth takes place with the production of an ill-smelhng odor 

The latter organism is sometimes found m the sepsis following 
abortion, and Rosenow believes that it is this coccus, so often found 
in the apexes of infected teeth, which is the etiologic factor in some 
of the arthritides In Rosenow’s laboiatory, I have seen metastatic 
arthntides follow the intiavenous injection of such anaerobic strep- 
tococci into dogs 

Sh eptococcus viudans is found frequently in the ciypts of inflamed 
tonsils and also at the apexes of infected teeth In comparison with 
the hemolyticus, it possesses a slight degree of virulence It is aston- 
ishing, however, that the supposedly mildly virulent viudans, which 
IS apparently a frequent inhabitant of the human pharynx, can so easily 
pass into the blood stream and pioduce an endocarditis and sepsis which 
heal only rarely This clinical picture, the endocarditis lenta of the 
Euiopean school and the subacute bacterial endocarditis of the Ameri- 
can students of the disease, is charactei ized by chronic mild fever, 
progressive anemia accompanied by a leukocytosis and occasional showers 
of large mononuclear cells, sometimes an enlarged spleen, changing 
cardiac murmurs, cachexia, positive blood culture and many embolic 
phenomena Paiticularly frequent is the embolic glomerulonephritis 
which occurs late in the course of the disease The body seems unable 
to ofter any significant resistance m the foim of immune bodies against 
this comparatively mildly viiulent coccus, which hardly ever produces 
a purulent process 
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An important but unsettled problem is the question as to whether a 
mutability of these strains of Schottmuller takes place Will Strepto- 
coccus hemolyticiis, which has maintained is identity during cultivation 
under one set of conditions, change its chai actenstics to lesemble those 
of a vindans, if the cultuie medium is changed, if the carbon dioxide 
tension is inci eased, or if the immune substances m the body in which 
It IS glowing are modified^ More facts on this subject will have gieat 
significance for the pathologic study of the future 

Streptococcic infections often are the inciters of transient or per- 
sistent types of aithiitis which closely lesemble those seen in rheumatic 
fever Inflammatoiy disturbances due to the streptococcus, with or 
without an accompanying aithritis or endocaiditis, may originate in 
many paits of the body Paessler of Dresden pointed out that the 
majoiity of those foci of infection aie found m hollow spaces such 
as the gallbladder, urinaiy tract oi thiomhosed veins, or in semiquiescent 
abscesses which ai e not m dii ect relation with the living cells or with the 
circulating fluids of the body It is not an uncommon expeiience to 
observe cases in which streptococci, having lemained latent in such 
foci over a long peiiod of yeais, suddenly invade the blood stream, 
producing a chill oi fever This picture is frequently seen in cases 
of septic thiombi, which often follow slight wounds, operation or 
unsterile intramuscular injections But unquestionably the most 
important foci for the dissemination of the cocci aie the tonsils and 
the infected apexes of carious and devitalized teeth 

RHEUMATIC FEVER 

When one leaves the field of the known etiologic factors in acute 
disease of the joints, one is stiuck by the fact that it is difficult to 
establish at the bedside a sharp line of classification that will differen- 
tiate between an arthritis due to a pioved streptococcic infection and 
that caused by rheumatic fever In fact, theie are so many apparently 
transitional cases between tiue rheumatic fever and the mild cases of 
streptococcic sepsis that one must consider the possibility that rheu- 
matic polyarthritis is only an attenuated form of strepococcic sepsis 

Jurgensen of Tubingen was the first to recognize rheumatic fevei 
as a tiue infectious disease In his further studies he found that a 
great many cases that he had previously believed to be rheumatic fever 
were in reality cases of sepsis caused by a cryptogenetic array of micro- 
organisms A group lemained in which no causative agent for the poly- 
arthritis could be found 

Undoubtedly, iheumatic fevei is an infectious disease Fiedler was 
one of the fii st observers to call attention to tonsillitis as a primary focus 
of infection for polyarthi itis This observation of Fiedler and of many 
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others has led to the approved procedure of extirpation of inflamed ton- 
sils in patients with rheumatic fever as a prophylactic measure against 
subsequent lapses Like many other observers, I have seen rapid 
recoveiy and cessation of relapses following the removal of infected 
tonsils m cases of rheumatic fever But m many other such cases, 
tonsillectomy failed to modify the normal course of the disease How- 
ever, It IS incorrect to assume that the tonsils are the only source of 
the infecting agent Schottmuller has clearly demonstrated that in 
many such cases there may be secondary foci of infection in the veins 
01 in the valves of the heart as well as in the tonsils It follows naturally, 
therefore, that as little therapeutic result can be hoped for by the 
removal of only the infected tonsils in rheumatic fever when there 
are other active areas as might be expected from the extirpation of 
a chancre after the generalized distribution of the spirochete has taken 
place 

Experience has taught me to advise against tonsillectomy until all 
signs of tonsillitis have disappeared When this warning has not 
been heeded, I have often seen an aggravation of the patient’s illness, 
high temperature, and a pronounced albuminuiia and hematuria It 
would seem as if through the operative procedure bacteria were dis- 
charged into the circulation and thence to the kidneys The same 
warning holds true for operations on the acutely inflamed nasal 
accessory sinuses, for I have seen cases in which sepsis and death 
followed too great an enthusiasm foi early surgical intervention 

T}'pical iheumatic fever has been classified as a separate disease 
entity by McCallum, Hegeler and many others Homer Swift has 
defined rheumatic fever “as a disease of undetermined etiology, chai- 
acterized by the febiile state, by migratory inflammations of structuie 
covered by serous membranes, by a peculiar inflammation of the myo- 
cardium and finally by the tendency for the febrile symptoms and 
arthritis to disappear following adequate doses of salicylates ” 

The disease begins most frequently between the tenth and the thir- 
tieth year, and the great majoiity of patients have their first attack in the 
second decade It is noteworth)' that the younger the patient the 
greater the liability to endocarditis and chorea This greater suscepti- 
bility to complications in the earlier years of life would seem to rest 
on the possibility that tissue reactions are a function of their age 
Perhaps the richness in cells of the rapidly growing epiphysis increases 
the tendenc} of }outh toward the infectious diseases of the bones and 
joints, such as tuberculosis and osteomyelitis 

Pajr has argued that constitutional factors are impoitant in the 
occurrence of rheumatic feier since there are so many instances of 
more than one case in the same familj', as has been shown by Pribram, 
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St Lawrence, Faullenei and White, Draper and others However, St 
Lawrence has shown from a parallel study of cases of rheumatic 
fever and tubeiculosis that the conditions aie of about the same magni- 
tude 111 families Since it is known that tuberculosis is an infectious 
disease, it might be argued that rheumatic fever is of the same nature, 
and it would be necessary to involve such factors as constitution to 
explain the high incidence of the disease in families 

However, many patients who have gout give a history of pains 
111 the joints m their youth I was pieviously of the opinion that 
this youthful condition was an early polyarticular foim of gout Expe- 
iience taught me, however, that my previous belief was incorrect, 
for most of the patients who had gout, and who had suffered poly- 
arthritis in then youth, had m reality passed through a siege of real 
rheumatic fever at that time Perhaps one might predicate that in such 
cases there is a constitutional weakness of the joint stiuctures, which m 
youth predisposes the patient to rheumatic fever and in later life 
to gout 

Furthermore, the occurrence of chorea with rheumatic fever is 
characteristic It is noteworthy that this nervous complication prac- 
ticall}’’ always takes place in the second decade of life or m the 
first pregnancy of young women It is then nearly always combined 
with a benign endocarditis 

Characteristically, the inflammatory piocess m the joints takes the 
form of a rapidly migrating polyaithritis When one joint has appar- 
ently recovered, the infection may suddenly appear m another one 
After a variable period of time, the swollen, painful joint will again 
approach its normal condition, and the complete restoration of function 
proves that the cartilages have remained intact The inflammatory 
process is not limited to the synovial membrane, for the pronounced 
exudative and proliferative process also involves the periarticular con- 
nective tissues 

Unlike many other infectious diseases, rheumatic fever is charac- 
terized by a marked tendency toward relapses, which may possibly 
be due to the persistence of a latent focus of infection It may take 
many years foi a relapse to occur, for Mackie, at the Presbyterian Hos- 
pital 111 New York, has recently shown that “only 57 per cent of the 
first recurrences were found to develop within a period of four years 
following the first attack of rheumatic fever ” Fiedler, Paessler and 
others have reported that in from 20 to 80 per cent of first attacks 
or relapses of rheumatic fever there was an associated tonsillitis In 
my studies, this figure is about 50 per cent 

One of the frequent accompaniments of rheumatic fever is valvular 
endocarditis Mackie found that theie was a serious cardiac involve- 



408 


ARCHIVES OF INTERNAL MEDICINE 


merit in 68 per cent of his 393 cases of rheumatic fever, irrespective 
of age Other reports have placed the incidence neaier 35 per 
cent However, Cohn and Swift have concluded from careful electro- 
cardiographic studies that in thirty-five out of thirty-seven cases of 
rheumatic fever which they followed, the heart was involved in one 
way or another 

The pathologic condition in rheumatic endocarditis has been clearly 
described by McCallum, Libman and others The mitral valve is most 
frequently involved, and the aortic is next in order It is not an infre- 
quent occurrence to find tricuspid or pulmonary rheumatic valvulitis 
The pathologic picture of rheumatic endocarditis stands in marked con- 
trast to St} eptococciis vi}}daiis endocarditis In the latter, large, soft, 
bead-like excrescences are found on the valves, the chordae tendmeae 
and sometimes on the contiguous mural endocardium The process in 
sti eptococcic infection is essentially of an ulcerative, destructive char- 
acter Minute aneurysms of the valves, leading to perforations, and 
friable, divided chordae tendmeae are not uncommon in streptococcic 
endocarditis In contrast to this picture, rheumatic endocarditis is 
characterized by a thickening due to cellular infiltration of the valves, 
sometimes followed by a proliferation of fine, wart-like verrucosities 
along the lines of closure of the valves This process may proceed to a 
thickening and union of the valve cusps, and finally the valve orifice may 
so contract through the proliferative reaction as to produce a serious 
impediment to the natural course of the blood stream McCallum has 
recently shown that the rheumatic inflammation frequently involves the 
mural endocardium of the left auricle A curious whitish thickening 
extends from the posterior leaflet of the mitral valve along the auricular 
endocardium 

The myocarditis of rheumatic fever, however, is characterized 
by the presence of many noduli, which were first described by 
Aschoff These cellular foci are found most frequently in the 
myocardium of the left ventricle in the vicinity of small arterioles In 
the center of the nodule is a tiny area that takes stains poorly It 
probably contains necrotic tissue and bits of fibrin Clustered around 
this point in a thin meshwork of 3mung fibroblasts, often in spindle- 
shaped form, IS a collection of large cells containing one or many 
pale vesicular nuclei Surrounding these so-called epithelioid cells is a 
zone containing lymphocytes, plasma cells, and occasional poly- 
morphonuclear cells Swift has described lesions of a similar nature 
in the synovial membrane of inflamed joints in rheumatic fever He 
also believes that accumulations of cells reminiscent of Aschoff bodies 
may be made out in the subcutaneous nodules often seen in this 
disease 
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Swift and other observers have felt that the response to the adminis- 
tration of salicylates is a chai acteristic feature of rheumatic fever 
Many physicians will not agree with this point, foi in many cases of 
severe rheumatic fever the salicylates have slight, if any, effect on the 
lelief of pain and on inflammation of the joints In such cases, I have 
sometimes observed that better results follow the administration of 
such pyrazalon derivatives as melubrin A second proof that the 
sahc}lates do not act specifically against the cause of rheumatic fever is 
that they have no influence on the development of caiditis, the liability 
of relapse, and the duiation of the disease Finally, the salicylates 
sometimes produce splendid theiapeutic effects in gout, which obviously 
IS unrelated to rheumatic fever 

Careful bactei lologic investigations have failed to disclose a specific 
etiologic agent for rheumatic fever Schottmuller, Hegeler, McCallum 
and others maintain that the cause of the disease is unknown and that 
when a micro-organism is found m the blood stream or exudates of a 
patient "with rheumatic fever it must be consideied a secondaiy infection 
It IS true that when a bacterium, usually a streptococcus, is found in 
the blood of a patient who has previously had rheumatic fever, the 
clinical picture is usually that of endocarditis lenta McCallum holds 
that the valves which have been thickened and shortened by the rheu- 
matic fever piocess offer a point of vantage for fuither infection by 
secondary invading micro-oi ganisms 

Although the pathologic picture of the endocarditis in rheumatic 
fever is so unlike that found in sepsis, in which a definite micro- 
organism IS undoubtedly the causative factor, the clinical picture and 
course of rheumatic fever, with its early tonsillitis followed by inflam- 
matory manifestations in such distant foci as the joints, the three layers 
of the heart, the pleura, etc, stiongly suggest that an infectious agent 
has invaded the blood stieam In this regard, Clawson of Minneapolis 
and Small of Philadelphia have recently piesented evidence that adds 
further plausibility to the fact that an anhemoljfiic streptococcus may 
be frequently present in the blood stream of patients with simple 
rheumatic fever 

Schottmuller has recently shown that the bacteria in the blood sti earn 
in cases of sepsis either are rapidly destroyed through the bactericidal 
properties of the blood serum, or are quickly taken up by the tissues 
of the body A persistent bacteremia occurs only when the defensive 
mechanisms of the body have been reduced to a minimum Such a 
condition does not, however, signify that the bacteria are growing in 
the blood, for their multiplication may be due to the fact that they are 
rapidly swept from the endocardial vegetations in which they are pre- 
sumably glowing luxuriously 
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BACTERIOLOGIC INVESTIGATIONS 

In recent years, Oeller, and Dietrich and Sigmund, Ins pupil, have 
studied the fate of bacteria which have i cached the blood stream in 
disease processes and through experimental means These workeis 
found that when virulent micro-oiganisms weie injected intiavenously 
into animals, they were not demonstrable in the circulating blood after 
a relatively short period of time Their rapid disappeaiance from the 
blood stream was due in part to the destructive action of the bactericidal 
substances of the blood, which were both specific and unspecific , m part 
also to the phagocytic action of the endothelial cells of the capillaries and 
venules Shortly after the injection, the micro-organisms were found 
to have been carried into the adventitial spaces of the vasculai channels 
In the later stages of such cases, Dietrich and Sigmund showed the 
development of peculiar perivascular nodules which weie made up in 
part of cells rich in protoplasm These cells are the histiocytes, or the 
large macrophages of Metchnikoff, which are derived from the reticulo- 
endothelial system Interspeised among the large wandering cells are 
polymorphonuclear leukocytes and lymphocytes In the nodule, which 
bears a resemblance to a tubercle, the micro-organisms may undergo 
destruction through the agency of the cellular phagocytic elements 
Roessle conceives of the inflammatory reaction as mainly a digestive 
process of the invading foreign bodies Many years ago, I pointed out 
the digestive properties of the leukocytes and of the exudate in 
pneumonia 

It can be concluded that the absence of bacteiia in the blood is 
therefore not a reliable sign that an invasion of the bacteria has not 
taken place at a previous time 

The little perivascular nodules described by Dietrich and Sigmund 
in such oigans as the liver, spleen and lung manifest a striking histologic 
lesemblance to the Aschoff bodies seen in rheumatic fever If, further- 
more, such “rheumatic nodules” can be demonstrated in seveie forms of 
scarlet fever, those nodules cannot be considered as a pathognomonic 
sign of the specific nature of rheumatic fever 

In regard to the defensive mechanisms of the body against disease, 
the work of Theobald Smith on natural immunity is of great impoitance 
He has shown that if new-born calves aie deprived of the mother’s 
first milk and therefore the colostrum, they succumb in a few days to a 
generalized B coh septicemia If, however, the calves are 
allowed to drink the colostrum immediately after birth, the 
B coh sepsis does not take place, because the acquired immune 
bodies prevent the passage of the bacteiia through the intestinal wall 
If, on the other hand, the calves aie not allowed to drink the colostrum 
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until a few days after biith, the delayed administration of piotective 
substances gives them onl}^ an incomplete immunity and the animals 
develop a puiulent polyarthiitis This is anothei example of the 
predilection that bacteiial metastases have foi the tissues of the joints 
The unspecific immunity with which the individual is endowed at 
birth, as well as the acquiied immunity of the organism, may be so 
gieat that the invading bacteiia are overcome at their entrance, and then 
the bacteiium is avirulent foi the body In more serious foims of the 
disease, the invading power of the micio-orgamsm is such that it 
passes into the blood stream and other tissues The lesistmg forces of 
the individual may soon succeed in localizing the piocess, overcoming 
the invadeis and causing a healing piocess In the severest foims of 
infection, the immune agents of the body aie unequal to the task of 
conquering the foe The micio-organisms multiply m all the' tissues, 
and the condition is desciibed as sepsis 

This failuie of the body to cope with the invading viius can be 
explained in two ways It may be first aigued that the micro-oiganism 
IS possessed of particularly malignant toxic qualities On the other 
hand, the results of animal experimentation and clinical observations 
have shown that the powers of immunity of a person may be seriously 
hampeied or changed by ceitain poisons, loentgen-ray injuries, pieg- 
nancy and the effect of accompanying diseases, such as diabetes One 
should theiefore conceive of the virulence of a virus as dependent not 
only on the specific nature of the micro-oi gaiiism but also on the poweis 
of lesistance of the body It is to be emphasized that the teim 
“virulence” is a relative matter, foi a peison who has long oveicome a 
specific infection may finally succumb to it, since the effects of exhaus- 
tion 01 othei diseases have pi oduced a bi eakdown of resistance 

Complete healing takes place m many cases of iheumatic fever 
without any changes m either the joints or the valves of the heait In 
other cases, the valves may become shoitened and thickened and may 
1 email! m this fashion thioughout the patient’s life if there are no 
1 elapses In some cases, however, the inflammatory piocess m the 
involved joint does not heal completely but persists as a mild, subacute 
or chronic polyarthritis In the furthei development of such cases, 
periods of variable duration, chaiactenzed by tonsillitis, pain m the 
joints and fevei, may occui Theie is the possibility that each of these 
attacks records the entrance of a new ciop of bacteria into the blood 
stream In the latei stages of this relapsing type of rheumatic fevei, 
the symptoms in the joints fall into the background, and the clinical 
picture slowly begins to simulate that of a mild sepsis Soon the 
temperatuie lemains peisistently high, the patient develops the profound 
palloi so aptly desciibed as “cafe au lait,” and the changing heart 
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muimurs suggest that an active inflammatory process is taking place in 
the valves of the heart The splenic tumoi may sometimes he felt, and 
if blood cultures are carefully taken in the periods of highest fevei a 
micro-organism, usually a streptococcus, may be recovered Character- 
istic showers of emboli are thrown off from the ulcerated, infected 
valves of the heart This leads to the production of multiple infarcts, 
especially in the spleen, kidneys and brain 

Is it really necessary for one to assume that m such cases a secondary 
invadei of a particularly malignant character has engrafted a new 
infection on the valves already damaged in the inflammatory process of 
rheumatic fever ^ I believe that the slowly progressive history of such 
patients offers no basis for the opinion that the septic process is a 
secondary infection I am of the opinion that the terminal process 
merely represents the results of the collapse of the resistive power 
of the individual against the same micro-organism which has been in 
his body for a long series of years One must, therefore, consider the 
possibility that the infective agent, usually a streptococcus, which pro- 
duces the teiminal endocarditis, is the same as that which caused the 
repeated attacks of rheumatic fever m the patient’s earlier life 

However, the data at hand are too meager to cause a denial of the 
possibility that a secondary infection with the streptococcus may not 
implant itself on the giound prepared for it by the unknown cause of the 
iheumatic fever in much the same fashion in which secondary B coh 
infections follow the inflammatory tract paved by the gonococcus 

ACUTE ARTHRITIS 

Another problem in general pathology of the joints is that of acute 
arthritis produced by toxic agents It will be seen that the same type 
of destruction and ankylosis is present m the severe arthntides of gout\ 
origin as in the pronounced cases of infectious arthritis 

In gout also, the attacks in the joints are of a true inflammatory 
nature Exudation into the cavity of the joints is not uncommon, and 
m some cases this exudate was found rich in sodium urate, so rich in 
fact, that the supersaturated fluid withdrawn by puncture forms an 
abundant precipitate of fine crystals in needle-hke form, in the watch 
glass There can be no doubt that the presence of the sodium urate 
solution IS the source of the inflammatory reaction I do not know how 
this accumulation of sodium uiate in the joints takes place Perhaps 
Its source is the synovial membrane or the blood vessels of the sub- 
chondral epiphysis The deposit of urate crystals is found on the 
surface of the cartilage covered by a thin layei of epichondrium 

Brogsitter, of this clinic, has shown that the sodium urate crystals 
are especially localized in little cup-hke, punched out cavities of the 
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cartilage The urate deposits pioduce a local neciosis and destruction 
of the caitilage, which undergoes a remarkable type of disintegration 
and change in charactei In the lowei layers of the affected tissue a 
zone of calcareous deposit becomes visible, and young blood vessels and 
bone mariow cells grow into this primary calcification to pioduce a 
wart-like, osseous outgrowth This new foimation of bone is seen 
whenevei destiuction of cartilage occuis 

The diagnosis of a gouty condition of the joints often causes diffi- 
culty, because sometimes, especially in younger patients, the disease 
picture IS primarily that of polyarthi itis accompanied by pyrexia In 
these cases of polyaiticular gout, the diagnosis remains in doubt until 



Appearance of hands in a case of gonorrheal arthritis, showing the charac- 
tciistic hollow spaces of the epiph3'ses 

the characteristic inflammation of the big toe appeals or the blood 
uiic acid value is abnormally high In elderly patients, the clinical 
picture of gout may closely resemble that of arthritis deformans, but 
in most of these questionable cases the chemical examination of the blood 
serum detei mines the diagnosis 

It has been shown that an acute inflammation of the joints can occur 
in toxic as well as in infectious diseases I shall now describe the 
chronic inflammatory process, but before entering into this discussion 
it will be necessary to define the expression “chronic inflammation ” 
“Chronic inflammation” describes an inflammatoiy process of long 
duration and not the permanent, inactive residue of an acute process 
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Scar foimation between two bones after an acute gonorrheal aithntis 
IS not a chronic arthritis in the same sense that a mitral stenosis is not a 
chronic endocarditis A chronic inflammation is therefore a processus 
and not a status It is always the product of a long standing irritative 
agent How can one explain the long duration of inflammatory processes 
of infectious or toxic origin^ 

I think it can be assumed that an acute inflammation is the product 
of a strong and vivid reaction of tissues against a noxious agent This 
violent, acute reaction may result in complete recovery, but in some 
cases healing takes place with a permanent alteration in structure 

A chronic inflammation, however, is in most cases a mild reaction of 
long duration, which may be explained m two ways The long drawn 
out struggle between the host and the invader is due to the fact either 
that the host is unable to produce a rapid reply to the invader or that 
the latter is so weak that it damages the host only to a slight extent I 
believe that a combination of both these explanations should come into 
consideration 

The chronic infectious inflammations of the joints are nearly 
always characterized by slight elevations of temperature when a fresh 
involvement appears in a new joint Relapses are frequent, but the 
attacks are rarely of a severe character Sometimes the etiologic focus 
of the infection can be located in the tonsils, teeth, accessory nasal 
sinuses, appendix, or the genital tract Elimination of the source of 
such foci of infection is not always possible, and even when the primary 
inflammatory area is disposed of, the progress of the arthritis is not 
necessaiily arrested 

The chronic diseases of the joints of inflammatory nature are always 
characterized by a distinct atrophy of the epiphyseal osseous frame- 
woik, and m some cases the diaphysis is involved m the same process 
My own microscopic studies ha\e not yet answered the question as to 
whether this atrophy is due only to inactivity or to chronic inflammatory 
processes m the bone marrow In some of these cases, it has been 
possible to make out tiny foci of lymphocytic infiltration in the bone 
mariow However, there is the possibility that the immobility of the 
limb wbicb has caused the atrophy of the muscles may have caused the 
same changes m the bones discussed above 

It IS interesting to observe that in true chronic infectious arthritis 
new osseous formations are seldom seen Goldthwait is correct m his 
differentiation between the atrophic and hypertrophic forms of diseases 
of the joints The chronic diseases of the joints of infectious origin 
belong, nearly always, to the atrophic type, whereas the chronic forms 
of gout are mostly of a hypertrophic charactei Frequently, the cases 
of chronic infectious arthritis progress to a state of deformity and 
fixation of the joint 



VON MUELLER— DISEASES OF JOINTS 


415 


The chronic infectious type of polyarthritis is fiequently accom- 
panied by some pathologic change of the heart or kidneys and is a 
serious condition Continuous pain and progressive stiffness are pres- 
ent, and in later yeais anemia and cachexia may be prominent features 
Among the chronic progressive inflammatory diseases of the joints is a 
type that begins acutely or subacutely, often runs a course cliaractei ized 
by relapses, and then shows a tiansition to a subacute polyarthritic form 

Another tj^pe begins as a chronic disease with mild swellings and 
pains of the finger joints, “doigts en radis,” without a rise m tempera- 
ture, and then slowly extends over more and more joints, deforming 
and stiffening them I am not at all certain as to whether this second 
form IS also of infectious character, and in most of these cases the 
origin of the disease remains completely in the dark I must confess 
that this frequent form of the disease is the darkest part of the whole 
question 

I have seen cases m which the disease has affected nearly all the 
joints during the course of many years, but no signs of a severe altera- 
tion of the cartilages were demonstrable by the roentgen ray or autopsy 
The mobility of the joints was slightly impaired, but the bones of the 
hands, feet, arms and legs were extraordinarily atrophic and showed 
only faint lines in the roentgenograms The atrophy extended to the 
muscles, and the hands became transformed into useless, soft appendages 
There were no signs of an inflammatory character or of osteomalacia 
An anatomic preparation of the bones of such a hand was as light as a 
feather I was at a loss to account for the etiology of this peculiai 
disease I have seen two such cases in one family, so that perhaps 
constitutional factors are of importance in determining the susceptibility 
to the disease 

Among the chronic progressive diseases of the joints, one has also 
to consider those which are of toxic origin The best known are 
ochronosis and gout In ochronosis, the work of Virchow, Sir William 
Osier and other authors has shown that an autointoxication with 
dioxyphenylacetic acid leads to a brown discoloration and slow degenera- 
tion of all the cartilages of the body, including those of the ears In 
Virchow’s original case, the ligaments and fibrous tissues were of a 
brownish black In connection with the degeneration of the cartilages, 
the epiphyseal portion of the bones may hypertrophy as in aithropathia 
deformans 

Among the metabolic disorders, chronic uiatic gout also can produce 
destruction and hyperplastic piocesses of the joints It is sometimes 
difficult to find the characteristic accumulations of sodium urate Munk 
believes that the hollow spaces shown by the roentgen ray m the 
epiphyses aie chaiacteristic of chronic gout, and our own anatomic 
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prepaiations have shown that these hollow areas in the epiphyses aie 
filled with soditim urate and are surrounded by a mass of inflammatory 
cells However, with Krebs, I have found similar hollow spaces m the 
epiphyses of chronic infectious arthritis in patients who have never had 
gout, and theiefore these i oentgen-ray examinations cannot be con- 
sidered a reliable diagnostic feature of gouty accumulations 

It is astonishing to observe that there is less pain and inflammation 
in the chionic than m the acute attacks of gout In chionic gout, huge 
concretions of urates may be piesent without producing either pain or 
inflammation At one time it was thought that m chronic gout the 
tissues had become so accustomed and insensible to uric acid that 
sodium urate was no longer able to produce an inflammatory reaction 
I tried to confirm this hypothesis by observing the i esults of subcutaneous 
injections of sodium urate It was found that these injections produced 
the same degree of inflammation and pain m acute and chronic cases of 
gout, and more or less degree of inflammation in healthy, nongouty 
pel sons 

I was unable to detect a diminished reactibihty or hypersensibihty of 
the gouty patients to these injections of sodium urate 

Chronic cases of gout sometimes pioduce hyperplastic processes of 
the bone near the cartilages These excrescenses on the fingers are the 
well known nodes of Heberden This new formation of osseous tissue 
proximal to the injured cartilage is of great importance It represents 
the same process that is seen in all cases of arthropathia deformans 
The pathologic state of the caitilage must produce an iriitation that 
1 esults in the new formation of osseous tissue This process is analogous 
to the formation of callus following a fractuie of a bone The callus 
with Its spongy framework is produced by the periosteum, and its for- 
mation IS especially abundant if a subperiosteal hemorihage has occurred 
It is theiefore not surpiising to find a prohfeiation of connective and 
osseous tissue follow traumatic injury of the joints Hemorrhage into 
the cavities of the joints is also seen in hemophilia and m the attacks of 
hydrops articulorum hypostrophos In all these cases, a hyperplasia 
of connective and osseous tissue is found 

Autopsies in cases of gout of long standing have shown true spur 
formation, and especially the mildei forms of gout demonstrate a clear 
picture of hypertiophic osteopathy These milder foims of gout, which 
are so common in old women in families m which gout is prevalent, 
are often overlooked and are diagnosed as idiopathic arthropathia 
defoimans The early history of the patient shows that he has previ- 
ously suffered from typical attacks of gout From my investigations, I 
can say that chronic foims of gout often produce the clinical and 
1 oentgen-ray pictuies of aithropathia deformans Of course, not all 



FO'V MUELLER—DISEASES OF JOINTS 


417 


cases of simple hypertrophic changes of the epiphysis and of Hebei den’s 
nodes are of gouty origin 

The chronic piohferative foims of mild gout represent the transition 
to the second form of chionic diseases of the joints described by 
Virchow and Volkmann as aithiopathia deformans These investigators 
showed that this disease is of a productive and not of an inflammatory 
chaiacter, and that the first changes to be noted are the degenerations 
of the caitilages Pommer of Innsbruck and Brogsitter of our clinic 
have confiimed these observations All these workeis agiee that first a 
calcification and then a new growth of osseous tissue appears whenever 
a degeneration of cartilage takes place This osseous hyperplasia occurs 
particularly on the edges of the cartilage to produce there the well 
known spuis which lead to a limitation of motion Often the roeiitgeno- 
giam shows that the production of bony outgrowths is not limited to 
the region of the damaged cartilage, but extends to the neighboring 
stiuctures In such cases it would seem that there must be an irritation 
with a resulting productive activity in the periosteum Often this 
hyperplastic process extends to the sjmovial membrane and produces 
polypoid excrescences of a villous character It must therefore be 
concluded that the degeneration of the cartilage alone is not a sufficient 
explanation for the entire hypertrophic process 

Whenever the caitilage is entirely lost, the surfaces of the bones are 
exposed Frequently, the cartilage of the opposite suiface of the joint 
IS also lost The bones, therefore, begin to grind oft in those places in 
which they are not protected by cartilage, and marked destruction and 
deformity of the surfaces lesult No signs of inflammation are ever 
found on the unprotected bony surfaces, and therefore a proliferation 
of connective tissue never takes place It is a rule without exception 
that ankylosis is never found in arthiopathia defoimans 

In consequence of the absence of inflammatory processes pain and 
swelling of the affected joint are not pronounced The pain that is 
felt when the patient produces motion in the joint, as m standing or 
walking, IS absent during rest In the textbooks, advice is given to 
move the limbs because motion is said to prevent the progressive 
stiffening It is questionable whether this treatment is correct It may 
be more advisable to protect the joint against excessive movement and 
pressure, because overactivity on the part of the degenerated joint leads 
to increased malformation 

Often It is difficult to find the cause for the degeneiation of the 
cartilage It may be the simple senile atiophy of the cartilage with its 
subsequent mild bony hypertrophy which has been fully described by 
Weichselbaum and Pommei Old age is a piogressive and incurable 
disease, and so also aie the senile conditions of the joints In other 
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cases, the degeneration of the cartilage is due to mechanical causes 
Malpositions of the lower limbs, such as flatfeet, coxa vara and genu 
valgum, are m later years often associated with aithntis deformans 
In a similar manner, the latter ma)^ develop following fractures of the 
joints, old osteomy elites and tuberculosis of the joints 

In many cases, the origin of the arthropathia remains obscure 
Chronic arthropathies often occur in the joints of the knees and hips of 
elderly women, and F Krause believed that this condition was related 
to an endocrine disturbance Assmann strongly objected to this 
hypothesis It is to be pointed out that in women many of these chronic 
degenerations of the joints may appear ten years before oi ten years 
after the menopause My observations seem to show that the arthropathy 
in such cases occurs almost always m obese women m whom a large 
excess of weight must be supported by the old joints m the legs Favor- 
ing this point of view is the fact that a reduction m weight is the best 
therapy in this form of disease of the joints I do not wish to deny 
that endocrine disturbances may produce chronic conditions of the bones 
Rothschild and Dewy have described such conditions accompanying 
pathologic states of the thyroid gland, and not unfrequently I, too, have 
seen such cases In these patients the administration of dessicated 
thyroid gland has produced a good therapeutic effect The same satis- 
factory results often follow thj^roid treatment in the involvements of 
the joints that are sometimes combined with sclerodeima The dis- 
turbance in the joints in scleroderma sometimes presents the picture of 
the so-called calcareous gout In some cases of osteomalacia not only 
the bones but also the joints are affected, and there can be no doubt 
that this disease is of endocrine origin 

One of the most typical forms of arthiopathia deformans is “malum 
coxae senile ” Here also the disease begins with degeneiation of die 
cartilage The bone of the caput femoris and the acetabulum are 
exposed, their surfaces are ground away, and the resulting new forma- 
tion of bone tissue produces an excessive deformation which extends 
to the collum and even to the trochanter In most cases of malum coxae 
senile, the patient complains of pain only in one side, but when the 
motilit) of the opposite hip joint is examined thoroughly, it also is nearly 
alwaj'^s found to be affected Often the roentgen-ray studies demon- 
strate accompanjnng deformities in the knee, shoulder and fingers It 
therefore seems probable that a constitutional and not a mechanical 
factor alone plays a part in this disease 

Qiarcot’s disease of the joints or “arthropathia tabidorum” also 
belongs to the category of hj^pertrophic arthropathies The involvement 
of the joints in tabes and syringomyelia shows the same excessive new 
formation of bone together with a se^ere destruction of the cartilages 
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Sometimes the enlaiged knee oi ankle joint looks as if it had been 
shatteied to pieces by a scveie blow with a bammei Some neinologists 
believe that Chai cot’s disease is due to the degeneiation of the ti opine 
neives to the bones, but I believe that a simplei explanation is possible 
the condition of the joints m tabes and syi ingomyeba is cbai actei i/ed 
clinically by a complete absence of pain One may move the seveiel}- 
involved joint in all abnoimal diiections without pioducmg the slightest 
pain and even without the patient’s knowledge The absolute loss of 
sensibility and pain in the joint may lead to oveistiain, to damage, and 
even to fiactuies, .ind since the jxitient is depiived of warnings by pain, 
be uses and insults bis damaged joint so as to make the injuiy piogies- 
sively woise 

Assmann believes that the spontaneous fiactuies of the bones which 
occui m tabes cannot be explained by the loss of jiain alone, latbei 
that they indicate a definite altciation in the bones themselves If tins 
IS tiue. It must lie concluded that the diseases of the joints in tabes 
aie due to a piimaiy involvement of the bones latbei than of the 
caitilages liowevei, I have nevei seen atiopbic distuibances of the 
bones in tabes Indeed, many diseases of the joints have then piimaiy 
oiigin m the liones Foi example, the involvement of the joints in 
tubeiculosis, osteomj'ebtis and metastatic tumois is usually secondaiy to 
a piimai)'^ involvement of the bone I have seen a case of hemolytic 
ictcius 111 which splenectomy bad been jnacticed with excellent lesults 
Aftei seveial ycais, a seveic destiuction of the hi]) joint appealed, pio- 
ducmg a pictuie similai to tubeiculosis The micioscopic examination 
of the spleen showed that it was not a simple case of hemolytic icteius 
01 Banti’s disease, foi the splenic sinusoids weic filled with the laige 
cells dial acteii Stic of Gaticbci’s disease Pick of Beilm has seen similai 
cases of Gaucbei’s disease with metastatic piocesses in the bone pioduc- 
ing secondaiy changes in the joint 

It can tbciefoic be seen that pathologic conditions of many kinds aic 
able to localize in the bones and joints and that one has to take a much 
bioadei view of diseases of the joints than befoic Micioscopic, 
bacteiiologic and clinical investigations must be combined foi the fuitbei 
study of this impoitant field 
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Bioadly, the pitfalls of scientific piocediire aie fourfold, as is shown 
when an endeavor is made to answei the following questions 1 Aie 
all the necessary phenomena accurately observed^ 2 Are all the 
phenomena relevant to the problem undei consideration 3 Are all the 
phenomena irrelevant to the pioblem eliminated^ 4 Has the actual 
sequence or interrelation of phenomena been established^ 

These difficulties are common to both observation and expeiiment, 
but each of these methods also has defects and advantages which are 
peculiar to itself According to John Stuart Mill ^ 

The first and most obvious distinction between Observation and Experiment is, 
that the latter is an immense extension of the former It not only enables us to 
produce a much greater number of variations in the circumstances than nature 
spontaneously offers, but also, in thousands of cases, to produce the precise sort 
of variation which we are in want of for discovering the law of the phenomenon 
When we can produce a phenomenon artificially we can take it, as it 
were, home with us, and observe it m the midst of circumstances with which 
in all other respects, we are accurately acquainted 

In the field of the physiology of the gallbladder, as m all biologic 
investigation, it is, of course, rarely possible to be accuiately acquainted 
with all the circumstances attending an experiment There is so little 
precise knowledge of the effects of anesthetics and surgical procedures 
on the organism, not to mention the unknown factors, that the conclu- 
sions drawn from experiments which depend on these must be taken 
cnticall}'- 

Observation, then, has this advantage, that it requires the least tamper- 
ing with the natural process Of course, the danger of overlooking 
some significant circumstance will lemain until eveiythmg is known, 
but then what need will there be for investigation? Nevertheless, these 
two methods are the legs on which science has made every advance 
One can only gratefully avail himself of every opportunity foi observa- 
tion and experiment and keep a watchful eye on the dangers that lurk 
in half knowledge 

Recent progress m the knowledge of the physiology of the gallbladder 
bears witness to the value of the experimental method in the medical 


1 Mill, J Stuart Logic, New York, Harper and Brothers, ed 8, 272 
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sciences The names of Rous, McMaster, Burget, Boyden, Ciohn, 
Winklestein, Aschner, Diamond, Higgins, Mann and Whitakei repiesent 
a valiant eftoit to discover the workings of the gallbladder However, 
observation as a method had no place m the investigation of this organ, 
because it could not be observed under normal conditions The f i equent 
exposures of the gallbladdei by the surgeon did not offer satisfactoiy 
oppoitumties foi obseivation, since a lapaiotomized man is no more fit 
to be the object of obseivation than an experimental animal so treated 
Under such conditions man becomes the unintended object of an experi- 
ment, and subject to all the new factors, known and unknown, thus 
mtioduced This was lecognized by Mann,'* who said 

In our experiments as well as m all operations on the biliary tract caution 
IS necessary in drawing conclusions because the possibility of trauma or pressure 
of a foreign body will greatly disturb the normal action of the gallbladder 

Whitaker,^ m his expeiiments on cats, obseived that 

The physical condition of the subject seemed to be an important factor , if he 
were ill no emptying might occur after feeding, or the attempts were feeble This 
would indicate that results obtained by any experimental method in which the 
condition of the animal was not normal, would be open to question 

It was not until Graham and Cole ^ introduced their method of 
cholecystography that an opportunity was offered to the clinician, who 
is essentially an observer, to add to the knowledge of the physiology of 
this oigan Up to 1924, the normal gallbladder was terra incognita to 
the clinician Only when enlarged, thickened, or filled with stones was 
there any hope of seeing it, and then only m rare and fortunate cases ^ 
But Graham and Cole have made it possible to study this organ in its 
normal state, to note its shape, position, density and emptying time 
This IS a boon to the clinician interested in his calling and increases the 
number of investigatoi s of this organ fiom a few laboiatory workers 
to a host of clinicians and roentgenologists 

Unfortunately, the experimental method, at least as applied to the 
gallbladder, has as yet not brought forward any conclusive results This 
IS illustrated by the lack of unanimity among experimenters concerning 

2 Mann A Physiologic Consideration of the Gallbladder, J A M A 83 829 
(Sept 13) 1924 

3 Whitaker Am J Physiol 78 411, 1926 

4 Graham and Cole Roentgenologic Examination of the Gallbladder, J A 
M A 82 613 (Feb 23) 1924 

5 Assmann Die klinische Rontgendiagnostik der innern Erkrankungen, 
Leipzig, F C W Vogel, 1924, p 703 
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some of its most vital pioblems, as shown by then replies to the following 
questions 

Does the gallbladder contract to expel the bile^ 

Y es No 

Whitaker “ Graham “ 

Higgins and Mann” Winklestein and Aschner” 

Ellman and McMaster ’ 

Chiray and Pavel “ 

Meltzer ° 


Does an artificial gallbladder empty itself’ 
Yes 
Graham “ 


No 

Whitaker ’ 


Do respiratory movements influence the emptying of the gallbladder^ 

Yes No 

Winklestein and Aschner” Whitaker^ 

Higgins and Mann “ 


Does the flow of bile from the liver through the common duct exert a 
siphonage action on the gallbladder 

Yes No 

Graham ” Whitaker “ 

Higgins and Mann “ 


Is the empty gallbladder flaccid or contracted^ 

Cont) acted Flaccid 

Higgins and Mann ° Graham “ 


Do duodenal peristalsis and tonus affect the flow of bile from the gallbladder'’ 

Yes No 

Burget ' Whitaker “ 

Gopher and Kadama ” 


Does the presence of acid in the stomach increase the flow of bile^ 

Yes No 

Ellman and McMaster ’ Whitaker “ 

Cole “ Bruns “ 


Does the presence of food in the stomach induce the emptying of the gall- 
bladder ^ 


Yes 

Cole ” 


No 

Whitaker ^ 


6 Higgins and Mann Am J Physiol 78 339, 1926 

7 Ellman and McMaster J Exper Med 44 151, 1926 

8 Chiray and Pavel Am J M Sc 172 11, 1926 

9 Meltzer Am J M Sc 153 469, 1917 

10 Graham Am J M Sc 172 625, 1926 

11 Wmkelstein and Aschner Am J M Sc 171 104, 1926 

12 Burget Am J Physiol 74 583, 1925 

13 Gopher and Kadama Regulation of Flow of Bile and Pancreatic Juice 
Into Duodenum, Arch Int Med 38 647 (Nov ) 1926 

14 Cole Am J Physiol 72 39, 1925 

15 Bruns, quoted by Howell Text-Book of Physiology, Philadelphia, 
W B Saunders Company, 1922, p 817 



LEVINE— CONTRACTIONS OF GALLBLADDER 


423 


What IS the role of the sphincter of 
Impoi iant 
Meltzer ° 

Chiray and Pavel" 

Elltnan and McMaster" 


in the emptying of the gallbladder^ 
Unimpoi tant 
Whitaker" 

Gopher and Kadama ” 

Higgin? and Mann ® 

Graham 

Burget 


Oddi 



Fig 1 — Taken before the administration of the dye (tetraiodophenolphthalem) 
The gallbladder is not visible 

It IS evident that additional information is necessary before these 
problems can be solved satisfactorily Some of them are beyond the 
range of the clinician Otheis aie within his sphere and should be 
given propel attention 

16 Elhman and McMaster (footnote 7) “We attribute the sudden changes 
chiefly to the activity of the sphincter of Oddi ” 
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Of the foregoing problems, the most important and the most press- 
ing IS the question of whether oi not the gallbladder expels the bile by 
the contractile foice of its own musculature Higgins and Mann® have 
observed localized contractions m the exposed gallbladders of guinea- 
pigs Whitaker ® performed experiments in which iodized oil was intro- 
duced into the gallbladder of cats and the abdominal wound was closed 
After fasting for twenty-four hours, the animal was given a meal rich in 
fat, and the gallbladder was examined under the i oentgen ray Marked 



Fig 2 — Figures 2, 3 and 4 were taken fourteen hours after the administration 
of the dye by mouth The gallbladder is visible Its lower pole is oval 

changes were obseived in the shape of the gallbladdei during the piocess 
of emptying 

I studied the gallbladder of a man, a physician, Avho fourteen hours 
after the administration of the dye (tetiaiodophenolphthalein) by 
moutb, showed an oval gallbladder (figs 2, 3 and 4) Two hours after 
the administiation of a meal rich in fat, maiked changes were noted in 
Its contour, indicating active contractions m its wall These changes 
shoued a striking similaiity to those in Whitakei’s expeiiment (Com- 
paie figuies 5, 6 and 7 with figure 8 ) These i oentgenograms also 



LEVINE— CONTRACTIONS OF GALLBLADDER 


425 


illustrate the obseivations of Higgins and Mann*" on the exposed gall- 
bladder of the guinea-pig I quote fiom these authors 

The exposed vesicle at the beginning of observation is usually spherical 
Instead of reducing as a unit as a urinary bladder does in expelling its contents, 
independent centers of contraction induce a variety of patterns in the emptying 
vesicle There are no waves of contraction, extending over the fundus and 



Fig 3 — Taken fourteen hours after the administration of the dye by mouth 


on to the neck of the bladder but only these localized contractile areas Very 
frequently we have observed contraction of these regions to form small knoblike 
diverticula over the entire fundus 

REPORT OF A CASE 

Hufoty — L K, aged 43, a physician, gave a family historj which was 
irrelevant His wife and two children were alive and well He drank one cup 
of coffee a dav and an occasional cup of tea did not use alcohol and smoked 
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fifteen cigarets a day He had had the usual diseases of childhood Up to ten 
years before presentation, he had had an acute attack of tonsillitis yearly Since 
then, he had had only two or three attacks The tonsils had not been removed 
He had not had pneumonia, typhoid, malaria, acute rheumatic fever, any operations 
or accidents The present illness began when he was 12 years of age, and since 
then he had been subject to heart burn Mucus was present in the stool at the 
age of 15 This condition lasted five years When 19 years of age, he first 
noted a lumpy feeling m the epigastrium and between the scapulae, which lasted 



4 — Taken fourteen hours after the administration of the dye by mouth 

a few da 3 "S He described the sensation as extremely uncomfortable but not 
exactlj painful The heart burn has continued up to the present, and is not 
relie\ed bj food, in fact, it is even aggra\ated by it Immediate relief is 
obtained from sodium bicarbonate or magnesia magma 

On Jan 1, 1918, when the street car on which he was riding made a sharp 
turn, the patient experienced a sudden, agonizing pain in the epigastrium which 
radiated straight back Similar attacks had occurred at intervals varying from 
once in three dajs to once m six weeks They occurred most often two or three 
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hours after meals, occasionall}’^ before meals, and were prompt^ relieved by 
alkalis In fact, the patient had been able to ward off an attack by means of 
alkalis if taken soon enough The attacks had lasted from one to forty-five 
minutes and were not relieved by movement of the bowels or tbe passage of 
gas The pain had awakened him at night only once, five years ago A sense 
of pressure in the epigastrium and in the rectum and a desire to urinate 
accompanied the attacks , the patient belched a good deal after the attack sub- 
sided and felt perfectly well within two minutes after it had passed His 
appetite was good, his weight was stationary and he had never vomited during or 
between the attacks The bowels moved dailj', but the movement was con- 
stipated The patient took an occasional mild laxative About six months before 
presentation he noticed a few drops of blood on the stool after a large movement 



Fig 5 — Figures S, 6 and 7 were taken two hours after the administration of 
a meal rich in fat The gallbladder is flattened at its base and distended from 
side to side At its outer border a protrusion appears in the same location 
as that seen on the gallbladder of Whitaker’s cat This is most marked on 
figure 5, less marked on figure 6, and on figure 7, the outer border is almost round 

Nocturia, frequency, dysuria, cough nor dyspnea on exertion had not been noted 
The patient has not had headache or dizrmess, the vision is fine and he sleeps 
well He w'as never jaundiced 

Examinahon — The pulse rate w^as 72 and regular The blood pressure was 
122 systolic and 82 diastolic on the left arm, and 102 systolic and 86 diastolic on 
the right arm The patient w'eighed 160 pounds (72 6 Kg ) The teeth were in 
poor condition The throat w^as congested, and there w'as granular pharyngitis 
The lungs and the heart did not reveal any pathologic conditions 
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The determination of the right Boas point was positive The liver and spleen 
were not palpable The entire right side of the abdomen was tender, but tender- 
ness was most marked in the region of the gallbladder The gallbladder was not 
palpable and rocking liver elicited much pain Pressure over the area of the 
gallbladder gave the patient the same painful sensation as that experienced during 
the attacks 

The results of the rectal examination were negative 



Fig 6 — Taken two hours after the administration of a meal rich m fat 


•\n examination of two specimens of the feces revealed an alkaline reaction, 
the benzidine test for blood was negative, no ova were found Urinalysis was 
negative 

Chemical examination of the blood showed sugar, 93 mg , creatinine, 1 2 mg , 
urea nitrogen, 12 5 mg , icteric index, 8 8 , blood bilirubin, %oo,ooo The blood 
' Wassermann reaction was negative The blood count revealed 5,850,000 red blood 
cells, 76 per cent hemoglobin (Sahh) and 7,400 white blood cells The differential 
count showed 59 per cent polymorphonuclear leukocvtes, 39 per cent small and 
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large lymphocytes, 2 per cent eosinophils An examination of the gastric con- 
tents revealed residue, 12 cc of clear fluid, free hydrochloric acid, 34, total 
acidity, 48, negative blood and bile 

A fractional test meal (Rehfuss) was given The first specimen was removed 
fifteen minutes after administration of the test meal 


Free 

Hydrochloric Total 


A M 

cc 

Acid 

Acidity 

1—10 00 

20 

13 

30 

2—10 IS 

22 

12 

36 

3—10 30 

20 

16 

49 

4—10 45 

20 

18 

SO 

5—11 00 

40 

44 

66 

6—11 15 

20 

62 

78 

7—11 30 

20 

45 

65 

8—11 45 

20 

25 

34 


A test meal of barium gruel was administered before breakfast Fluoroscopy 
of the stomach did not reveal any obstruction m the esophagus The lowest point 
of the greater curvature extended two fingerbreadths below the crest of the 
ilium The incisura angulans was on a level with the crest The pylorus did 
not extend beyond the right border of the spine, was tome in type and the shape 
of a fish liook Peristalsis, time required for emptying, indentations, fluid layer 
and air bubble were normal Niches, defects or tenderness were not noted The 
duodenal cap was small and triangular, and the apex was directed upward and 
the base downward Niches or defects were not seen Pressure over it did not 
elicit tenderness, but there was marked tenderness when pressure was applied 
abo\e It, m the area of the gallbladder The duodenal loop was not enlarged 
Angulations were not present The foregoing observations were corroborated on 
the roentgenograms of the stomach and the duodenum 

After four hours, the stomach was empty The head of the barium meal was 
m the ascending colon, the remainder in the ileum 

After twenty-four hours, the barium occupied the large intestine from the 
cecum to the middle of the transverse colon The appendix was filled and was 
irregular in outline and beaded Its direction was upward and to the left, and 
then transversely to the left 

After forty-eight hours the barium was seen in the large intestine from the 
hepatic flexure to the pelvic colon The cecum and the ascending colon were 
■empt 3 ^ but the appendix was still filled and was irregular and beaded Its 
direction was downward and to the left 

After eighty-four hours, only a thin layer of barium could be seen m the distal 
colon, but the distal portion of the appendix was still filled with barium 

A barium enema was given, the entire large intestine readily filling from the 
rectum to the cecum A little barium entered the ileum The splenic flexure 
reached up to a little above the lower border of the heart The hepatic flexure 
reached up to costal margin There was considerable spasm m the descending 
colon and the sigmoid 

Proctoscopy was performed, the proctoscope entering 30 cm Considerable 
congestion was noted in the mucous membrane of the sigmoid 
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There were no pathologic conditions in the heart or the lungs Roentgenograms 
showed the gallbladder clearly fourteen hours after the administration of the dye 
(tetraiodophenolphthalein) by mouth Its lower pole was rounded on all three 
roentgenograms (figs 2, 3 and 4) Two hours after the administration of a meal 
rich in fat the gallbladder had hardly diminished in size Its lower pole was no 
longer rounded but flattened from above downward, and distended from side to 
side A protrusion was clearly seen at its outer border (fig 5) This assumed a 
more rounded shape m figures 6 and 7 



Fig 7 — Taken two hours after the administration of a meal rich in fat 


COMMENT 

Changes in the shape of a hollow oigan may be produced in three 
wa}s (1) by pressure or release of pressure fiom within, (2) by pres- 
sure exerted on it from without, and (3) by the contraction of its own 
\\ alls 

H}drostatic laws rule out the first possibility (Pascal’s principle) 
An} horizontal layer in the gallbladder has the same pressure of bile at 
all its points therefore the release of the pressure should afifect all its 
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parts pi opoi tionately The lesult should be a uniform collapse of the 
gallbladder Instead there ai e flattened ai eas in some places and bulging 
in others 

Winklestem and Aschner ofieied the second hypothesis They are 
of the opinion that the descent of the diaphragm during inspiration 
exerts sufficient pressure on the gallbladdei to ‘‘squeeze” the bile into the 
common duct From figures 2, 3 and 4, however, it is leadily seen that 
there was no change m the shape of the gallbladder befoie the adminis- 
tration of the test meal, though obviously respiration was going on at 
that time Not until after the administration of a fat meal, which 
induces the emptying of its contents, were definite changes in its shape 
obsened (figs 5, 6 and 7) Besides, roentgenograms of the gallbladder 
are always taken during expiration The experiments of Whitaker ^ and 
of Higgins and Mann “ have, moreover, conclusively disproved this 
theory 

There remains only the last hypothesis, that the observed changes in 
the shape of the gallbladder are caused by contraction of its walls 
Figures 5, 6 and 7 show flattening of certain areas with compensatory 
bulgings in others Changes are obseived exactly analogous to the 
“localized contractions” described by Higgins and Mann in then 
experiment 

Obviously the gallbladder that I observed was not normal, since it 
had hardly diminished in size two houis after the fat meal was given 
To what extent may these changes in shape be due to its pathologic 
condition^ That these changes were not caused by thickening of its 
walls or pencholecystic adhesions is evident from the fact that they do 
not appear in the earlier roentgenograms when the bile was confined 
within the interior of the gallbladdei They appear only after the meal 
of fat which induced the flow of bile into the duodenum 

The question aiises Why have not these changes been observed 
more often ^ In the first place, i oentgenograms after a test meal aie 
taken at a time when the gallbladder is greatly reduced in size, and 
changes m its contour are not easily detected This gallbladder, on the 
contrary, had not diminished in size two houis after the test meal, thus 
fill nishing an opportunity for observing its efforts to empty itself It is 
also likely that its abnormal state calls forth an increased effort on its 
part to expel the contents A calculus, a stricture oi any obstruction at 
Its outlet would accentuate its normal conti actions and make them visible 
If, on the other hand, contractions did not occur normally, it is hardly 
likely that it would contract when diseased However, it must be 
admitted that since the exact condition of this gallbladder was not known, 
the reason why the contractions were observed m this case must be 
largely speculative 
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SUMMARY 

1 Giaham and Cole, by their method of cholecystography, have 
given clinicians a means of observing the gallbladder without the intio- 
duction of new factois which may modify its behavior 

2 The conclusions on the physiology of the gallbladder reached by 
expel imeiits are open to the objection that abnormal conditions, such 
as the eftects of anesthetics and opeiative proceduies, aie intioduced 

3 Both obseivation and experiment aie valuable but should be taken 
in conjunction to supplement and coirect each other 

4 A case has been desciihed m which changes strongly suggestive of 
contractions weie observed in the gallbladder of a man two hours aftei 
the admmistiation of the fat meal These changes closely lesembled 
those obsened by Whitaker^ m the gallbladders of cats at the time 
when they weie discharging their contents They also correspond to 
the desciiption given by Higgins and Mann ® of the exposed gallbladdeis 
of guinea-pigs while undergoing active contractions 

5 The fact that the gallbladder undei obseivation was apparently 
pathologic does not seem to vitiate the conclusion that the normal gall- 
hladdei undergoes contiRction at the time when it empties its contents 



EFFECT OF EXPERIMENTAL PYLORIC STENOSIS 
ON GASTRIC SECRETION * 
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An increase abo\e the normal aveiage in the acidity of the gastric 
contents is observed in various conditions associated with pyloric 
obstruction in man This condition is referred to as “hypei secretion 
and hyperacidity ” In most cases, however, the amount of acidity, 
although greater than the normal average, is within the limits of noimal 
variation Therefore, in the absence of a knowledge of the acidity of 
the gastric contents prior to the onset of the disease causing the jiylonc 
obstruction, it may be argued that the acidity found is normal Also, 
since there is usually a gastric retention in pyloric obstruction due to 
functional or organic disturbances, it is probable that a hypernormal 
acidity may be due to a retention of a normal amount of gastric secre- 
tion, and therefore is only relative Even if hypernormal secretion did 
occur, one would not be able to state whether it was due to the obsti uc- 
tion and retention per se or to the disease causing the obstruction 

In considering whether or not pyloric obsti uction causes “hypci- 
secietion and hyperacidity,” one must distinguish between a relative 
and an absolute hypernormal secretion and acidity In relative hyper- 
normal secretion and acidity, the condition would be due to retention of 
gastric secretion and therefore only apparent, in absolute hypernoimal 
secretion and acidity, the condition would be due to an actual inciease in 
the amount and the acidity of the secretion produced A gastric analysis 
in the presence of gastric retention is not an accurate measure of the 
quantity and quality of the juice secreted A method is not known 
whereby one can measure accurately the secietion that is being formed 
when food is in the stomach Not even the Pawlow pouch reflects all 
the secretion that is going on in the stomach during a meal If the 
interdigestive or the continuous secretion in patients weie observed, 
vhich should be done more commonly for scientific purposes, signifi- 
cant figures of hypernormal secretion and hyperacidity might be 
obtained, but then one would be studying only the intestinal pha'se of 
gastric secretion, and the data would not be conclusive unless the inter- 
digestive secretion was studied prior to the onset of the disease 

* From the Hull Ph3'Siological Laboratorj% The University of Chicago, and 
the Department of Phisiolog\ and Pharniacologj , Northwestern University 
Medical School 
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Hambuiger and Friedman ^ have studied the effect of '‘uncompli- 
cated” pyloric stenosis experimentally produced in dogs by placing a 
silk ligature about the p3doric outlet In order to determine gastric 
acidity and volume, they caused vomiting by the administration of 
apomorphine from fifty to sixty minutes after feeding the dogs with a 
test meal , they then determined the quantity and acidity of the vomitus 
They found that moderate stenosis produced little if any change, and 
that marked stenosis caused letention and hyperacidity, they therefore 
concluded that the hyperacidity was due to hypersecretion Such a con- 
clusion is hardly wan anted in view of the foregoing facts 

At present, there is no ideal method for the study of the effect of 
P3donc stenosis on gastric secretion Production of the Pawlow pouch 
IS the best method to use, but m using the Pawlow pouch, it must be 
kept in mind that it responds poorly when the stomach proper is dis- 
tended mechanically," and hence will only partly reflect the mechanical 
effect of retention by the stomach 

METHODS 

A Pawlow pouch \%as made tn twelve dogs by the usual technic From five 
to ten control responses were obtained to a standard meal consisting of 200 Gm 
of ground meat, 250 cc of milk and 100 Gm of bread mixed thoroughly In the 
first eight dogs the secretion was collected during two one hour periods prior 
to the meal, for from three to six hours after the meal and, in a few instances, 
for twentj-four hours after the meal As most of the tests made on the first 
eight dogs were continued for three hours after the meal, the figures given in 
the tables (tables 1, 2, 3, 4 and 5) are for a three hour period following the 
meal In the other four dogs the secretion was collected from six to twenty- 
four hours after the meal The results shown in the tables (tables 6 and 7) 
are for a ten hour period following the meal 

In some cases stenosis was produced by tying a tape a quarter of an inch 
wide about the pyloric sphincter, in others, by placing an aluminum or silver 
band a quarter of an inch wide about the pyloric sphincter Bands of different 
sizes were prepared in order that they might be accommodated to sphincters 
of different sizes The band ivas placed snugly, but not tightly, about the 
sphincter Our desire was to produce a partial stenosis that would lead to a 
retention of from two to four hours, we were not able to obtain such a result, 
however 

The degree of stenosis obtained was ascertained by determining fluoroscopi- 
cally the emptying time before and after the stenosis was made In the first 
eight dogs, the exact emptying time after the production of the stenosis was 
not determined, because the animals had to be transferred some distance before 
the fluoroscopic examination could be made To determine whether there was 
retention, we made a fluoroscopic examination of the animals at the time their 
stomachs would normally be empty, and expressed the results as “retention,” 

1 Hamburger, W W, and Friedman, J C Contributions to the Experi- 
mental Pathology of the Stomach, Arch Int Med 14 722 (Nov 15) 1914 

2 Lim, Ivy and McCarthy Quart J Exper Physiol 15 13, 1925 



436 


ARCHIVES OF INTERNAL MEDICINE 


“marked retention” and “high grade retention, ’ according to the amount of 
material in the stomach 

For a few days after the stenosis was made, the animal was given onlj 
water, meat broth and milk with bread crumbs in small portions until it was 
found that the standard meal could be ingested without provoking vomiting 


RESULTS 

A pyloric stenosis was produced in twelve dogs with a Pawlow pouch 
Seven of the twelve lived long enough to give i espouses to the standard 
meal , six of the seven were observed for from three and one-half to 


Table 1 — Effect of Pylotic Stenosis on Gastiic Seciction 
Doe 2* with a Pawlow pouch 



Amount in 

Free 

Total 


Procedure 

Cc 

Aeidity 

Aeiditj 

Comment 

Control Period 

May 19 

19 5 

0 41 

0 45 


20 

28 5 

0 45 

0 51 


21 

17 0 

0 37 

0 44 


22 

12 0 

0 40 

0 48 


23 

19 0 

0 41 

0 45 


21 

16 0 

0 39 

0 47 


25 

16 5 

0 35 

0 40 


Pjloric stenosis produeed 
Maj 27 

Mith tape, 
60 

May 25 
029 

031 

Vomited tvater but not me it 

28 

4 0 

0 32 

0 40 


29 

50 

0 43 

0 47 

No vomiting 

31 

75 

014 

0 20 


June 2 

6 5 

0 44 

0 51 


3 

32 

0 51 

0 56 


4 

31 0 

0 51 

0 58 


5 

29 0 

0 45 

0 51 


7 

27 0 

0 55 

0 59 


8 

18 0 

0 51 

0 56 


July 15 

20 0 

0 48 

0 52 


25 

33 0 

0 35 

0 41 


Aug 22 

37 0 

0 41 

0 49 


411 g 22 

370 

0 41 

0 49 


8 

29 5 

0 43 

0 48 


10 

225 

0 40 

0 45 


12 

28 0 

0 38 

0 42 


15 

270 

0 41 

0 45 



* The doe was operated on December 3 to increase the severity of the stenosis A silvei 
band was placed about the pylorus after removal of the adhesions The doe died on Deceni 
her 7 The size of the outlet was 8 G mm A duodenal ulcer had ruptured into the liver, 
with a resultine abscess of the Iner If hypertropbj of the stomach vas present, it vis 
insufficient to attract our attention 

The results are for the three hour period after the meal 


seven and one-half months Gastric tetany was observed m two of the 
five dogs that died shortly after the production of the stenosis 

In dog 2 (table 1) a deciease in secretion occurred for ten days 
aftei the stenosis was produced, following this peiiod, an mciease 
occurred The acidity of the secretion was slightly increased, the aver- 
age total acidity for the control period being 0 46 per cent and foi the 
period of hypernormal secretion, 0 49 per cent This, we believe, is not 
a significant increase 

In dog 3 (table 2) a decrease in secretion occurred for seven days 
after the stenosis was produced, following this period, the amount of 
secretion returned to normal In two instances the secretion was slightly 
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above iioimal, but the inciease was not enough to be significant The 
total acidity of the secietion did not show a significant change 

In dog 5 (table 3) a marked liypei normal secretion occurred after 
the stenosis was produced The copious secietion made it impossible to 
prevent digestion of the skin about the pouch 

In dog 6 (table 4) a decrease in secretion occurred for three days 
aftei the production of the stenosis , after this period, the secretion was 
definitely increased above normal An increase m the acidity of the 
secretion did not occur 


Table 2 — Effect of Pyloitc Stenosis on Gastnc Secietion 


Dog 3* •nith n Pa\\lo\\ pouch 



Amount m 

Free 

Total 



Procedure 

Cc 

Acidity 

Acidity 

Comment 


Control Period before Stenosis 





May IS 

18 3 

0 48 

0 53 



19 

270 

0 47 

0 53 



20 

28 0 

0 46 

0 52 



21 

14 5 

0 43 

0 48 



22 

20 0 

054 

0 03 



23 

17 3 

0 41 

0 47 



24 

10 0 

0 52 

0 61 



25 

no 

0 47 

0 52 



Pyloric stenosis made 

vitli tape, May 27 




May 2S- June 1 






June 1 

10 

029 

0 36 

Vomiting 


3 

32 

0 51 

0 55 



4 

90 

0 45 

0 51 



5 

210 

0 45 

0 51 



6 

15 0 

0 52 

0 59 



8 

ISO 

0 51 

0 58 



14 

12 4 

0 42 

0 49 

Continuous secretion 

varied, 

15 

210 

0 43 

058 

some dajs normal. 

others 

July 20 

14 0 

0 42 

0 52 

three and foui times normal 

Aug 22 

110 

010 

0 23 



NOJ 4 

no 

021 

0 30 



7 

340 

0 43 

0 50 



8 

20 0 

0 42 

0 47 



9 

330 

0 41 

0 46 



11 

280 

0 41 

0 43 



13 

24 0 

0 40 

0 45 



15 

210 

0 36 

0 41 




* On November 24, the dog vas operated on to increase the severity of the stenosis A 
cilver band in tbe form of a circle vas placed about the pyloric sphinctei after removal of 
the adhesions The animal vomited intermittently, and died of distemper on December 7 
Roentgen raj examination revealed a high grade stenosis Marked hypertiophy of the stomach 
jv as not present The size of the outlet n as 8 5 mm 

The results are for the three hou" peiiod after the meal 


In dog 7 (table 5) a decrease m the secietion occurred foi one week 
following the making of the stenosis During the following two months, 
the secretion remained slightly hypernormal The secretion was not 
studied during the fourth and fifth months During the sixth month 
following the stenosis, a definite hypernormal secretion occurred The 
total acidity of the secretion was not significantly affected 

Dogs 11 and 12 (tables 6 and 7) possessed a refractory pouch, as is 
demonstiated by the fact that relatively small amounts of their secre- 
tion were of low acidity In both these animals the amount of secretion 
shown in the tables represents a ten hour collection after the meal In 
dog 11, following the stenosis, theie was no definite change m the 
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Table 3 — Effect of Pyloiic Stenosis on Gastuc Sectehon 
Dog 5* ■nith a Pawlo'n' pouch 



Amount in 

Free 

Total 


Procedure 

Control Period 

Cc 

Acidity 

Acidity 

Comment 

May 2() 

22 0 

0 56 

060 


27 

15 0 

0 40 

0 51 


28 

15 0 

0 40 

0 51 


29 

18 0 

0 45 

0 54 


31 

270 

054 

0 63 


June 3 

250 

0 50 

0 61 


4 

Pjloric stenosis made with 

32 0 

silver band, 

0 47 

, June 6 

0 63 


June 7 

13 0 

0 43 

0 54 


8 

10 0 

0 45 

054 


14 

330 

060 

068 


15 

54 0 

0 45 

0 03 

Continuous secretion increased 
by three times normal 


* The dog was chloroformed and death occurred on June 22 Digestion about pouch due 
to copious secretion made it impossible to obtain accurate figures The size of the outlet 
was 12 mm 

The results are for a three hour period after the meal 


Table 4 — Effect of Pyloitc Stenosis on Gastuc Secietion 


Dog 6* with a Pail low pouch 



Amount in 

Free 

Total 


Procedure 

Cc 

Acidity 

Acidity 

Comment 

Control Period 





May 19 

13 

0 46 

0 54 


20 

20 

0 46 

053 


21 

22 

0 43 

0 51 


22 

20 

0 43 

0S2 


23 

14 

043 

0 50 


24 

19 5 

0 46 

0 54 


Stenosis made with tape 

Maj 25 




May 27 

9 

030 

0 37 


28 

9 

0 46 

0 51 


29 

19 

0 48 

0 55 


31 

28 

0 49 

0 61 


June 2 

24 

0 45 

0 54 


3 

25 

054 

058 

Continuous secretion normal 

4 

40 

0 49 

0 59 


8 

30 

0 46 

0 51 


15 

27 

0 45 

0 57 


July 25 

25 

0 49 

0 52 


Aug 22 

22 

0 46 

0 52 


^OV 4 

27 

0 38 

0 42 


6 

28 

0 45 

0 53 

Emptying time test showed 

8 

39 

0 46 

0 51 

retention 

9 

35 

0 47 

0 51 


12 

25 

0 44 

0 49 


Stenosis made more severe with silter 

Land, 

Stomach was e\tremelj large, a stormy 

coni alesccnco lesulted 

up to December 15 



Dec 15 

15 

033 

0 44 


19 




Vomited meal 

SO 

14 

0 30 

0 45 


31 

39 

0 45 

0 56 

High continuous secretion 

Jan 6 

28 

0 44 

0 49 


10 

30 

0 36 

0 41 

Emptying time test showed high 

15 

28 

050 

0 52 

gr ide retention 


* The dog was chloroformed The size of the outlet was 7 5 mm in diameter The 
stomach was marLedly hypertrophied, but not as much as in dog 7 Its length was 19 5 cm 
and Its width was 14 cm 

The results are for a three hour period after the meal 
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Table 5 — Effect of Pyloiic Stenosis on Gastnc Seaetion 
Dog 7* with a Pawlow pouch 



Amount m 

Free 

Total 


Procedure 

Cc 

Acidity 

Acidity 

Comment 

Control Period 





May 27 

155 

035 

0 45 


2S 

270 

0 45 

0 51 


20 

36 0 

0 51 

0 55 


31 

30 0 

0 52 

0 63 


June 2 

35 0 

0 47 

056 


3 

ISO 

038 

0 50 


4 

36 0 

0 51 

0 56 


Pjloric stenosis 

made with tape, June 

6 



June 6 

20 



Mucus 

7 

5 0 

0 

014 


July 14 

22 0 

0 50 

058 


15 

14 0 

0 45 

0 58 


25 

21 0 

033 

0 41 


Aug 22 

200 

027 

036 


Hov 6 

380 

0 42 

050 


7 

43 0 

0 44 

0 52 


8 

33 0 

0 46 

0 51 

Continuous secretion is increased 

9 

52 0 

0 46 

0 51 

from three to five times 

10 

55 0 

0 45 

0 50 


11 

48 0 

0 41 

0 47 


12 

3S0 

0 41 

0 46 


13 

370 

0 41 

0 48 



* Stenosis v,as produced iMth a silver band on December i The stomach was e\tremely 
large A stormy penod followed and continued until Januarj ai, when the animal was 
chloroformed Tlie dog frequently vomited food eaten twenty-four hours before Accurate 
tests could not be obtained because of vomiting January 10 the following data were 
obtained the free acidity for 17 cc of gastnc secretion was Oil, the total acidity was 0 20 
Little secretion occurred from tests on other dates Several twenty-four hour collections 
were made, the greatest amount of secretion collected from these tests being 26 cc Frequently 
nothing but mucus was collected The animal was chloroformed, and autopsy performed on 
January 21 showed a markedly hypertrophied and dilatea stomach Its length was 26 cm , 
and Its width was 20 cm The size of the pyloric outlet was 4 mm 
The results are for a three hour period after a meal 


Table 6 — Effect of Pylonc Stenosis on Gastnc Secietion 
Dog 11* with a Pawlow pouch Ten Hour Secretion 



Amount m 

Free 

Total 

. 


Procedure 

Cc 

Acidity 

Acidity 

Comment 

Control Period 






April 6 

213 

40 

60 



8 

24 4 

45 

G5 



15 

331 

30 

40 

Emptying time 

4 5 hours 

22 

25 0 

20 

32 



May 13 

41 3 

15 

25 



Stenosis made with 

ilum num band, April 15, a 

quick recoyery resulted 


May 8 

201 

35 

47 

Emptying time 

4 5 hours 

Stenosis increased April 29, first meal of meat given on June 5 


June 5 

57 

32 

45 

Emptying time 

6 5 hours 

16 

200 

10 

25 



23 

20 0 

25 

30 



30 

114 

10 

22 



July 7 

228 

15 

20 



15 

26 7 

3 

10 

Mostly mucus 


30 

40 4 

0 

8 

Mostly mucus 


Aug 6 

29 2 

27 

40 


25 

229 

0 

8 

Mostly mucus 


27 

12 9 

3 

10 

Emptying time 

6 hours. 

Kov 3 

210 

0 

5 

mostly mucus 

* Hie animal was chloroformed on November 
trophied Acidity is expressed in clinical units 

15 The stomach was 

markedly hyper 
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amount of secretion collected, including mucus, but the actual output 
of hydrochloric acid was deci eased, the secretion after the first month 
consisting almost entiiely of mucus In dog 12, a decrease in the 
amount of secretion occuired following the stenosis, but there was no 
definite change in the acidity of the secretion 

In SIX of the seven dogs a decrease m the secretion occurred foi a 
few days (from three to ten days after the operation foi producing 
stenosis) Foui of the seven dogs (dogs 2, 5, 6 and 7) manifested a 
hypernormal secretion, one (dog 3) a normal secretion and two (dogs 
11 and 12) a hypernormal secretion after the stenosis Dogs 11 and 12 
possibly should not be included, because their pouch was refiactoiy 
The acidity of the secietion was not significantly altered 

Table 7 — Effect of Pyloiic Stenosis on Gastnc Secietion 
Dog 12*^ with Pawlow pouch Ten Hour Secretion 


Procedure 

Amount in 
Cc 

Free 

4cidity 

Total 

Acidity 

Comment 

Conti ol Period 

Mij 21 

21 5 

35 

50 


28 

11 5 

35 

47 


June 4 

13 0 

45 

55 

Emptying time 5 5 hours 

5 

18 4 

53 

70 

11 

12 0 

7 

20 


10 

77 

9 

22 


Stenosis mnde vith 
Julj 10 

aluminum band, July 2 

5 4 17 

30 

Ate part of meal 

30 

5 1 

3 

12 

Aug 6 

19 0 

40 

55 


20 

65 

22 

37 

Emptjmg time 6 5 hours 

25 

37 

20 

so 

27 

79 

62 

75 


Nov 3 

101 

32 

47 



* The aninnl Tias chloroformed on November 15 The stomach nas marLedlj hjper 
trophied Aciditj is expressed in clinical umts 

The continuous secietion collected the twenty-thiid and twenty- 
fourth hours after the meal was augmented in three of the four dogs 
(dogs 5, 6 and 7) that showed a hypersecretion It was augmented in 
some tests in dog 3, which showed a noimal secretion after the stenosis 

Gastric tetany was observed in only two dogs in which the stenosis 
was marked (dogs 2 and 10) 

The stomach was markedly hypertrophied in four dogs (dogs 6, 7, 
11 and 12), the greatest hypertiophy occurring in dog 7 That the 
stomach was hypertrophied and not dilated was shown by the fact that 
when It was examined, the mucosa of the stomach was not stretched, 
numerous rugae were piesent, and the muscularis was of normal thick- 
ness (figs 1 and 2) 

Because dogs 11 and 12 had a refractory pouch, and because the 
stenosis did not cause augmentation of the secretion, we detei mined 
the acidity of the gastric contents These observations were made after 





Fig 1 — A photograph of the hj'pertrophied stomach of dog 7 The 
distance from a to b measures 26 cm , from c to d, 13 cm , and from e to d, 20 cm 
The esophageal opening of the stomach is indicated by h, and the pyloric outlet 
b}’ c (note the band covered with adhesions) The letter g indicates the notch in 
the fundus produced by the Pawlow pouch , /, the pouch , i, the roset of the pouch 
The normal size of the stomach of a large dog would be represented by the curva- 
ture a ] g c h Ulcers were not present m the gastric or duodenal mucosa 



Fig 2 — A photograph of the hypertrophied stomach of dog 11 The 
distance from a to b measures 22 cm , from c to d, 9 cm , and from e to d, 15 cm 
The esophageal opening is indicated by h, the pyloric opening, by e, and the pouen, 
by f The refractoriness of this pouch may probably be explained by the con- 
traction of the connective tissue which occurred at the isthmus or at the point 
where the pouch is connected to the stomach proper In figure 1, it is to be noted 
that contraction of the connective tissue did not occur 
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the stenosis was produced The reason we did not study the acidity of the 
gastric contents in all our dogs was that we took it for granted, as 
claimed by Pawlow and his colleagues, that the pouch correctly reflected 
the secretion of the stomach as a whole, and that at the time these 


Table 8 — Shoimng That the Pouch Does Not Always Reflect the Secietion 
of the Stomach, Neither Acidity Not Quantity is Reflected 
Dog 11* -nith a Pawlow pouch, August 27 



Secretion of Pouch 

A 


Gastnc Analjsis 

A 





! 

\ 


Amount Free 

Total 

Free 

Total 

Time, 

Procedure in Cc 

Acidity 

Acidity 

Acidity 

Acidity 

Hour 

Continuous meal 2 0 

0 

3 

0 

3 

11-12 

07 

0 

15 



12-1 

12 

0 

38 

0 

53 

1-2 

20 

20 

45 



2-3 

06 

5 

40 

0 

68 

3-4 

05 

0 

18 



4-3 

OS 

0 

3 

15 

110 

5-6 

3 0 

0 

3 



6-7 

07 

0 

3 

28 

110 

7-8 

1 6 

0 

3 

30 

118 

8-9 

18 

0 

3 

45 

158 

9-10 

17 

0 

3 



10-11 

18 

0 

S 

35 

105 

11-12 

13 

0 

3 



12-1 

1 9 

0 

3 

20 

93 

1-2 

16 

0 

3 



2.3 

15 

0 

3 

25 

88 

3-4 

17 

0 

3 



4-5 


* A.eidit} IS e-^pressed in clinical units This is the type of Pawlow pouch preparation that 
IS known in the laboratory as a “poor secreter” and is usually discarded in most studies on 
gastric secretion It is used in this study because the pouch is refractory and would be 
influenced only by ma'^imal stimuli or procedures 


Table 9 — Shozving That the Pouch Does Not Always Reflect the Secution 
of the Stomach, Acidity is Reflected But A^ot Quantity 
Dog 12* with a Pawlow pouch , August 27 


Secretion of Pouch Gastric Analjsis 

— A A 





r 



Amount 

Free 

Total 

Free 

Total 

Time, 

Procedure in Cc 

Acidity 

Acidity 

Acidity 

Aciditj 

Hour 

Continuous meal 0 5 

0 

3 

0 

3 

11-12 

02 





12-1 

01 

0 

3 

0 

40 

1-2 

1 2 

0 

8 



2-3 

07 

53 

78 

0 

70 

3-4 

1 0 

83 

98 



4-5 

1 2 

88 

100 

0 

108 

5-6 

1 7 

93 

103 



6-7 

16 

90 

105 

0 

133 

7-8 

08 

113 

130 



8-9 

05 

95 

120 

0 

130 

9-10 

0 5 

75 

95 



10-11 

0 5 

50 

85 



11-12 

08 

38 

50 

33 

103 

12-1 

08 

35 

45 

38 

100 

1-2 

04 

30 

40 



2-3 

08 

0 

3 

40 

70 

3-4 

1 4 

0 

3 



4-5 

20 

0 

3 



5-0 


* -Iciditj IS expressed in clinical units This is the tjpe of Pawlow pouch preparation that 
IS known in the laboratory as a “poor secreter” and is usuallj discarded m most studies on 
gastric secretion It is used in this studj because the pouch is refractory and would be 
influenced only bj maximal stimuli or procedures 


observations were made we did not realize the importance of mechanical 
distention as a factor m gastric secretion The results shown in tables 
8 and 9 demonstrate, in a striking way, that the pouch does not always 
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reflect the secretion of the stomach We cannot state that the stomach 
propel 111 these two dogs showed a hypernormal secretion, because we 
failed to use contiols The acidity of the secretion m these dogs, how- 
evei, IS not abnoimall}" high 

COMMENT 

The tempoiar} deciease m gastric secretion following the pioduc- 
tion of pyloric stenosis is what might be predicted Dehydiation may 
have been a factor in some cases 

We believe that the results on foui of the seven dogs which sui- 
vived the stenosis leveal that pyloiic stenosis may cause a hypernormal 
secretion, but not acidit}' If one rules out the results m dogs 11 and 12, 
vhicli possibh should be done because m these cases the pouch was 
refractory and did not reflect the secietion going on in the stomach, our 
results vould show that four of five showed a hypernonnal secretion 
This obser-\ ation on dogs with a Pawlow pouch confirms the conclusion 
ai rived at indiiecth by Hamhurgei and Friedman It also suppoits the 
general impiession of clinicians that pjloiic obstruction is geneiall} 
associated with a hypernormal secietion 

We beheie that the method used in our expeiiments for the pioduc- 
tion of stenosis renders only one explanation for the hypernormal 
secretion possible, namely, that the stenosis caused the increased secie- 
tion Houever, one can imagine disease conditions m man in which a 
hypersecretion may be due to the increased absorption of secretagogues 
in association with a functional pyloric obstruction, foi example that 
Avhich occurs m colitis One of the authors who has made numerous 
gastric analyses on himself, and who is subject to intermittent attacks 
of colitis (iiritable colon), has obseived that during his attacks of 
colitis there is a gastric retention, hypernonnal acidity of a test meal and 
an increased continuous secretion 

The explanation of the hypernonnal secietion caused by pyloric 
stenosis is obvious It is known that the gastric phase of gastiic secie- 
tion IS due to two factors mechanical distention and chemical contact of 
substances in food- It is known that hydrolyzed piotems and the 
products of digestion stimulate gastiic secretion from the intestine^ It 
IS also known that prolonged contact of digested products in the intestine 
stimulates gastric secretion,^ as does acid in the intestine ® Fiom these 
facts it follows that pyloric obstiuction may cause hypernonnal secre- 
tion as follows 1 Gastric letention prolongs mechanical distention and 
chemical contact 2 The moie complete the hydrolysis m the stomach, 

3 Ivj'^ and Javois Am J Physiol 71 583, 591, 604, 1925 

4 Ivy, Lim and McCarthy Quart J Exper Physiol 15 55,1925 Ivy and 
Javois (footnote 3) 

5 Ivv and Mcllvain Am J Physiol 67 124, 1923 
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the greater is the effect of the chyme in the intestine and the more easily 
are the hydiolytic products in the chyme digested by the panel eatic 
juice As a result the intestinal phase of gastric secietion would be aug- 
mented 3 As the chyme is more acid, moie acid stimulation of gastric 
secretion would result and more panel eatic juice would be secieted 
4 The slow ejection of chyme fiom the stomach would prolong the 
contact in the intestine The lesults of our experiments seem to indi- 
cate that the gastric factors are moie impoitant than the intestinal 
factors in causing hypernormal secretion Another possible factoi must 
be considered, namely, that the stenosis increases the irritability of the 
local secretory mechanism in the stomach The hypernormal continuous 
01 intei digestive secretion might be explained eithei by moie prolonged 
contact in the intestine or by moie complete digestion due to more 
complete hydiolysis in the stomach 

The failure to observe a “hypei acidity” m oui experiments confiims 
the prevalent view held by some physiologists and by some clinicians ® 

The appearance of “gastric tetany” in two of the animals in which 
the stenosis was severe was to be expected fiom the observations of 
Hambuiger and Friedman ^ and others 

The hypertrophy and dilatation of the stomach that we have obseived 
in oui animals was also observed by Hambuiger and Friedman, who 
found It two months after the stenosis The hypertiophy in oui animals 
was especially striking 

The failure of the Pawlow pouch always to reflect the secretory 
activity of the stomach should be especiall}’- emphasized We have sus- 
pected this while working on other pioblems of gastiic secietion, and as 
a lule have not used a dog with a lefractory pouch Two of these dogs 
(dogs 11 and 12) were used m these expeiiments, however, because at 
the time we were not aware of the impoitance of the mechanical factoi 
in gastiic secretion, and also because we desired to determine whether 
a hypernormal secretion would occur in “poor secieters,” or dogs with 
lefiactory pouches The dictum that the Pawlow pouch in a dog reflects 
the secretory activity of the stomach cannot be taken for gi anted as a 
iLile, if for no other reason than that the pouch only partly i effects the 
mechanical factor Our results on dogs 11 and 12 show that when one 
studies the effect of various proceduies on gastiic secretion, using dogs 
in which a Pawlow pouch has been made, it must be shown that the 
pouch at least approximately reflects the secretion of the stomach This 
must be done in order to avoid mistakes 

The cause of refractory Pawlow pouches is pioblematic One of us 
(Ivy) explains it as being due to contraction of secondary connective 
tissue at the isthmus which causes a pressuie block of the vagus branches 

6 Carlson Ph 3 siol Rev 3 1, 1923 
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going to the pouch, the blood supply not being inteifeied with to any 
extent , in othei words, the contraction of connective tissue changes the 
Pawlow pouch into a Heindenhain pouch, which is known to be moie 
lefiactoiy 

SUMMARY 

Expel imental pyloric obstruction was made in twelve dogs with a 
Pawlow pouch Seven of the dogs survived foi a period of from thiee 
and one-half to seven and one-half months The stenosis fiist caused 
a deciease m gastiic secretions, latei, four of the seven dogs showed a 
hypernoimal secretion, one a normal secretion and two a deci eased gas- 
tric secretion The last two should probably be ruled out because their 
pouches did not i effect the secietory activity of the stomach The indi- 
lect obseivation of Hambuiger and Friedman is confirmed, namely, that 
experimental pyloiic obstiuction causes a hypernormal secretion of gas- 
tnc juice 111 some cases The point is emphasized that before Pawlow 
pouches are used it should be shown that they i effect the secretory 
activity of the stomach 

The cause of the hypeinoimal secretion is discussed 

A maiked h}peitiophy of the stomach occuiied m four of the seven 
dogs 



THE EFFECTS OF MITRAL AND TRICUSPID INCOMPE- 
TENCE ON THE WORK OF THE HEART* 

D T BARRY, MD 

CORK, IRELAND 

Previous workers on experimentally induced valvular incompetence 
m the heart have been almost exclusnely occupied with lesions of the 
mitral valve and their limited aspects, namely, the period of the cycle m 
which the backflow into the auricle actually occurs, the pressure changes 
set up m the auricle and ventricle and the factors concerned m the com- 
pensation of the defect Other sides of the problem which are at least 
as important as those mentioned, liav^ scarcely been considered up to 
now, such as actual measuiement of the output from the heart during 
the course of a lesion, which is the best criterion of compensation , noi 
has a contrast of the function with mitral lesions been made with that 
done m the condition of tricuspid defect The present communication 
deals with the results of recent work on these problems and is based on 
a long senes of expeiiments on dogs, operations having been performed 
on some ISO animals, with a view of ascertaining the points mentioned 
The question is treated as follows 

1 The output from the left ventricle with and without a lesion of 
the mitral valve is measured, in varying conditions of flow, resistance to 
ejection, metabolism, etc, while a uniform tempeiature is maintained 
for a given series of observations 

2 The output from the left ventricle with a lesion of the tricuspid 
valve IS measured, under similar circumstances to those stated undei the 
first procedure 

3 The significance of certain features of the venous pulse record 
occurring m the presence of the lesions is considered 

METHOD 

The largest number of experiments have been performed with arti- 
ficial circulation, the defibrinated blood passing through an external 
system with variable resistance, and then through a spiral tube in a bath 
for heating to a reservoir for return to the venous and pulmonary side, 
the whole being a modification of what is called the heart-lung method 
A calibrated adjustable tap on the tube from the reservoir gives the late 
of inflow, that is, the potential and not necessarily actual inflow, to the 
superior vena cava and right auricle The head of pressuie in the 
reservoir may be kept practically constant, when no leak exists 
m the system, by the addition of a little blood from time to 
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tune The output was measured by noting the tune necessary to fill 
a cyhndei of 100 cc capacity at a point in the system beyond the 
artificial lesistance, an equal amount of blood at the propei tempera- 
ture being at once added to the reseivoir so that the head of piessure 
nevei vaiied to more than the extent of 100 cc , a diffeience in height 
which causes a negligible variation of supply This tune for 100 cc is 
given m seconds m the second column of the tables The quantity of 
blood expelled could thus be compared with that permitted to flow in at 
the venous tap, and the work could be calculated The tube for the 
pioduction of the lesions was the same throughout It was passed into 
the heait through the appendix and pushed into the ventricle The 
lumen of this tube, 4 mm m diameter, was accurately fitted with a 
smoothly moving piston, this, on being withdrawn, uncovered a side 
opening, of sunilai area to that of the lumen, in that part of the tube 
which lemained m the auricle after the end was pushed down into the 
ventricle thiough the aunculoventricular apertuie The valve in systole 
closed lound the part of the tube between the side opening and the 
lowei end, so that regurgitation did not occur unless the piston was 
withdiawn This form of auricular tube has already been described 
by me ^ (fig 1), a somewhat similar one having been previously 
desciibed by Wiggers * for the ventricle 

The volume of blood regurgitated when the side opening in the auii- 
culai poition of tube was free varied with diffeiences of piessures, 
amount of flow, etc , but it could also b'" varied to the extent to which the 
plungei was withdrawn, as the size of the auricular apeiture could be 
altered at will The area of outlet from the heart to the aiteiial 
system vaiied according to the size of the heait, fiom about 50 to 120 
sq mm In some cases a single tube m the innominate artery sufficed , 
in others two tubes of outlet, one m the innominate and the other m the 
aorta, were used The sectional area of the venous cannula of the inlet 
geneially was slightly greater than that of outlet when one tube onl}' was 
used for the latter, distinctly smaller when two tubes were used for out- 
let The lecordmg manometers employed were of the Piper pattern of 
which the advantages are well known Special screw adjustments made 
foi me by Boulitte of Pans were fitted to the manometer, so that manip- 
ulation was easy after insertion They were inserted into auricles, 
large veins and the left subclavian artery in different combinations to 
give two or three records at a time, the optical system being employed 
for taking the records 

The manometers weie filled with Ringer’s solution and all air was 
expelled from them befoie insertion The pressure changes within them 

1 Barry, D T J Physiol 58 362, 1924 

2 Wiggers, C J, and Fed, H Heart 9 149, 1922 
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were photographed by means of light from small mirrors placed on the 
rubber membianes The rubber on the manometers was sometimes 
changed so that the deflections of the beam across the photographic 
paper varied m extent, but the instruments were alwa3'^s calibrated and 
the range of the beam was ascertained for every experiment In some 
cases it IS sufficient to note differences of pressure by a mercurial mano- 
meter placed m the aitenal system Electrocardiograms have been com- 
bined witb mail}'- pulse records to veiifv the phases of the cycle m which 



Fig 1 — Regurgitation tube in position, and mitral leak occurring to the 
auricle during \entricular sj'stole 

the chief events occurred Changes m the deflections of the electro- 
cardiogram are caused b}'- valvular defects of the nature of those investi- 
gated but they do not form part of the subject of this work 

The arterial side of the apparatus was tested by means of a pressure 
bottle giving a maximum pressure of 165 mm of mercury With this 
head of pressure, fluid was freely driven past an artificial resistance of 
100 mm of mercur}- Until the difference between the mean arterial 
pressure and the artificial resistance was reduced to about 20 mm of 
mercur} a fairly steady flow could be maintained through the resistance 
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The aitificial lesistance was set up by an blown into a glass cyhndei 
thiough which the blood passed in a soft rubbei tube A manometei 
connected with thfe cylinder showed the pressure within it In actual 
experiment the balance of piessuie on the arterial side of the resistance 
vaiied in diffeient conditions The figures for pressures given on the 
lecoids weie obtained fioni leadings of the mercurial manometer taken 
dining the experiment, and fiom the lange given by the optical mano- 
meter 111 cahbiation 

The heait with natural cn dilation has been made use of in some 
expel iments after the injection of hepaim or peptone to pi event clot- 
ting of the blood Recoids of the venous pulse have been thus taken 
with open and closed thoiax, but measurements of output have not been 
made with natural cn dilation Direct measurements of the kind done 
with the artificial circulation are, of couise, out of the question for the 
natuial state with ordinal}^ cn dilation 

Foi the insertion of the lesion tube and manometers it was necessaiy 
to make small openings in the peiicardium, but otherwise this membrane 
was left intact, in some few cases, however, the peiicardium was full)- 
opened, and this is specially mentioned when such cases are lefeired to 
in the text The small incisions made m the pericardium to leacli the 
auriculai appendixes do not affect its power of supporting the ventricles 
and preventing undue distention of them The influence of the peii- 
cardium IS chiefly felt in preventing overdistention of the ventricles, 
when it IS cut open over the ventricles m the presence of a lesion and 
high resistance it lapidly swells to such an extent that the muscle 
fibers are quickly and permanently damaged by sti etching While 
the closed sac enhances the powei to function, its importance in this 
class of experiment is also evident in the pievention of the injuiious 
effects of severe tests When, for instance, the sac is opened and an 
inflow of 1,200 cc pei minute is peimitted, with an artificial resistance 
of 130 mm of meicuiy, a heart weighing 100 Gm becomes much 
dilated when valvular defect ensues and does not last long, whereas 
with intact pericardium it caiiies on fairly well in these conditions, 
although the full potential flow is not ejected 

The thorax also influences the function of the heart This is well 
recognized, and Howell ® even says that investigation of output when 
the organ is exposed does not give reliable results That is true for 
conditions with natural circulation, but it is difficult to imagine how 
the open thorax could so affect the value of results with the heart- 
lung method 

The influence exerted by the natural respiratory movements is 
certainly annulled when the chest is opened, and this hampers action 

3 Howell, W H Text Book of Physiology, Philadelphia, W B Saunders 
Company, 1927 
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when one is woiking with natuial circulation Theie aie fuithei 
objections to the method with natural circulation and open chest walls 
for the present purpose, namely, the difficulty of measuiement and 
contiol of flow and resistance But all such objections aie ovei ruled 
with the heart-lung preparation, in which the venous supply is inde- 
pendent of respiratory aids It may be thought that the artificial 
inflation of the hmgs necessary with the open thorax causes an obstiuc- 
tion to the pulmonary circulation I have frequently caused free 
expansion of the lungs without altering the output Similai observa- 
tions have also been made by Romm ^ Accoidmgly, theie is no reason- 
able objection on such grounds to basing conclusions concerning the 
function of the heart on observations made in these conditions, and 
this especially applies m the detei mination of differences m woik 
caused by lesions, etc, rathei than of what a given oigan is capable 
of doing 111 a geneial way 

Three chief sets of conditions have been chosen to woik with for 
the piepaiation First, the artificial resistance was kept at about 70 mm 
of mercury, though this was sometimes laised, and the venous flow 
was not >gi eater than 700 cc a minute These and lower figures 
represented best the conditions in which output coi responded with 
potential inflow when one arterial cannula was used for output With 
highei flow and piessure, some disci epancy was noticed between output 
and supply of blood In the second series, an aortic cannula foi outlet 
was added to that in the innominate artery The aitificial resistance 
was kept at 120 mm or lower, and the inflow per minute was from 
800 to 1,000 cc The thud group comprised those experiments in 
which a lesistance up to 150 mm of mercuiy, and a flow reaching 
to as much as 1,500 cc per minute, were employed Moie severe tests 
than these were not consideied of practical utility The vagi were 
cut befoie the artificial circulation was staited Patteison and Starling 
stated that a heait weighing 56 Gm can deliver 3,000 cc of blood per 
minute ® My own experience is that m such conditions the heart 
deteriorates quickly, if valvulai defect is occasionally introduced, and 
that it IS not advisable to exceed a flow of 1,800 cc for any length of 
tune when one is dealing with experimental lesions This aspect of 
the question will be lefeired to again It is necessary to state that the 
insertion of the lesion tube does not affect the capacity of the organ to 
function 

The hearts used were large and the weights given seem high 
Stripped of the large vessels, pericardium, etc , the organs generally 
were about 0 6 to 0 8 per cent of the body weight 

4 Romm, I O Arch f d ges Physiol 203 113, 1924 

5 Patterson, S W , and Starling, EH J Physiol 48 357, 1914 
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SECTION 1 

In the companson ot mitral and tiicuspid defects it is essential 
to beai in mind one impoitant and constant difFeience bet\\een them 
in the condition of the pulmonarA cn dilation It has been pointed 
out that obstuiction of the pulnionar\ cii dilation acciuing fiom mitral 
lesions aggiaiates pulmonai} edema and hastens its onset A\ben the 
state of the blood is fa^Olable to its occmience In a light side lesion 
the aeiating surtace of the lungs is not affected and the ox}genation 
of the blood is earned on efficienth \\heieas the pulmonai y congestion 
lesultmg from uncompensated initial tiouble soon becomes an effective 
cause of anoxemia so that apart from the mechanical disabiht} vhich 
IS greatei vith initial interterence the loss m aeration intensifies the 
effect of this lattei lesion This diffeience has been remarked b} 
Doumer'' in the effects of caidiac thiombosis on the light and the left 
side vhen the heart muscle is not diiectl} impaned In chionic 
lesions one can distinguish between the light and the left side in the 
pi eponderance of hepatic or pulmonai} s}mptoms lespectneh The 
point will be consideied again in section 2 

The extent to which output is affected b} defectne closuie of the 
mitral ^ahe depends apart fioni the magnitude of the defect in itself 
(sire of leak), on three mam factois, the degree of resistance on the 
aiterial side the amount of ^enous flow and the state of metabolism 
of the o’gan Of couise, the w'eight of the organ used must be taken 
into account with unifoim dimensions of leak The two first conditions 
are an expiession of the amount of work to be perfoimed. and of 
these the lesistaiice is the moie impoitant, while the thud factor is 
concerned with the state ot the muscle which has to effect it As a 
geneial obser^atlon it may be stated that with an artificial resistance 
not exceeding 100 mm of inercui} and a Aenoiis flow ot 1,000 cc , a 
heart weighing 100 Gm is defiinteh affected m efficienc} b} a mitral 
lesion of the dimensions employed m this wmik It is not easily com- 
pensated, and though the output uses m the course of four or fi\e 
abnormal beats it does not reach the quantity ejected prior to the ^esion 
until the leak is closed or the artificial lesistance much reduced The 
balance of piessuie on the aiteiial side necessary for forcing of the 
lesistance is not lecovered otherwise It is important to note that 
mere mciease of venous flow' though it leads to some increase of 
output IS not sufficient to lestore the pievious output That the 
presence of the tube is not the cause of defective compensation is 
implied m what has already been stated, that the insertion of the tube 
does not per se dimmish output, there is an immediate leturn of 
efficienc} when the piston is pushed dowm, as is obMous from the 
lecords (figs 2 to 6) The lecord in figuie 2 is that of a heait of 

6 Doumer E Echo mecl du nord 29 243 1925 
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115 Gm with a venous flow of 1,000 cc and artificial resistance of 
100 mm of meicury The manometeis weie nisei ted into the right 
auiiculai appendix and left subclavian aitery The fall of systolic 
aiterial pressuie due to lesion is well demonstrated (about 20 to 22 mm 
of meicui}) In a latei pait of the lecoid, with lepetition of the 
lesion, this loweied piessure was seen not to rise more than fiom 6 to 
8 mm of meicuiy after half a minute’s duration of defect m the valve 
The lecoid was taken within a quaiter of an houi fiom the beginning 
of the aitificial circulation, and nerily all the results given were 
obtained fiom organs not latei than half an houi from this starting 
point Expel lence has shown that a prepaiation begins to deteriorate 
attei this interval This is especially tiue if more than a thin img of 
tissue IS tied ofiF from the auiicles when the tube or manometers are 
inseited A small poition of this tissue is sufficient to prevent bleeding 
at the site of the hgatuie It has also been noticed that piolonged 
high lesistance to output has a depiessing effect If aftei a lesion 
has existed for some time the output and arteiial pressuie ai'e quickly 
lestoied to then formei level when the leak is stopped, as happened in 
seveial tiials with the organ from which figuie 3 was taken, it is con- 
cluded that the heart has not been affected by the abnoimal conditions, 
and it may be employed for fuithei tests 

It IS impossible to state the actual amount of leflux m each case, 
but it has been calculated to vary from 2 to 7 cc pei beat, accoiding 
to relative piessures in aorta and auncle The apeiture foi leak was 
relatively large compared with the sectional aiea of the aperture of 
outlet when this was confined to the innominate aiteiy, because similai 
relative dimensions must be common in natural defects Wiggeis- 
has shown that in the heart with natural circulation compensation of a 
small leak is fairly good 

With regard to the condition of the heart muscle, it can be easily 
affected by an alteration of the amount of ventilation of the lungs, and 
this IS best done by means of an apeTure in the tiacheal cannula, the 
size of which can be varied at will The opening in the cannula was 
uncoveied for defective aeiation When the supply of air is diminished 
m the piesence of a lesion, the function of the heait usually drops 
m quantity, the organ fails to eject an amount of blood equal to that 
pieviously expelled When a lesion is not piesent, the same degiee of 
anoxemia, in otheiwise similar conditions, does not cause an equivalent 
1 eduction of output This has been observed fiequently when m given 
circumstances the output was reduced by the setting up of a valvular 
lesion and was still further diminished when the an supply was cut 
down Less than a minute was required to bring about the deficiency of 
function caused by limiting the expansion of the lungs 
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AftCi -effects of lesions aie sometimes obseived, and they take 
difteient ioims A continued diminution of output and failure to 
recovei the initial aiteiial piessuie aie of common occuneiice Extra- 
systoles fiequently appeal dm mg and aftei the lesion, and arrhythmia 
IS sometimes established (figs 3 and 4) The lecoid in figuie 3 was 
taken to show the abolition of a lesion which had existed dm mg six 
c}cles The ensuing abnoimal ihythm continued foi a peiiod of twenty- 
one cycles, and the letmning noimal beat (twenty-second cycle fiom 
shutting down the leak at the airow m figme 3) is shown in figure 4 
The figmes m table 1 give some idea of the inteiference Avith the 
cii dilation caused by mitral leak with constant average ventilation It 
shous too that the output is sometimes deficient with respect to supply, 
but this ma}^ be due to slight eiiois m calibration, even though the 
lattei IS effected under uniform conditions of tempeiatme and viscosity 
of the fluid used 
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The time of output of 100 cc is given in table 1 foi diffeient con- 
ditions. and the minute volume calculated fiom this may be contiasted 
\Mth that of potential inflow The absence and piesence of lesions are 
indicated by the signs 0 and -f- lespectively 

The normal slate of the heait is not necessaiily lestoied immediately 
after the defect is lemedied, noi is its working powei constant at 
different peiiods duiing the influence of the defect, although the condi- 
tions of ventilation, piessure, etc, lemaiii the same Oidmarily, how- 
evei, it IS remaikable to note the consistency of the lesults The 
estimates lemain the same in nume’'Ous trials foi given conditions 
over long peiiods, and the time of output is lepeated with consideiable 
regulaiity It is sometimes difficult to make suie that a lesion is 
producing its full effect, the intensity of the tin ill felt being deceptive 
accoiding to the diiection of the jet If the opening of the tube 
within the amide is too high, the walls of the appendix may be 
drawn tightly ovei it and oppose much resistance to the occmience 
of a leak When contiadictory or anomalous lesults are yielded with a 
lesion, some such cause will generally be found, and it is then necessary 
to shift the position of the tube or merely to rotate it One must also 
avoid pushing the tube too fai down into the ventricle In a small 





cycle marked 4 is premature, and this heralds normal rhythm, with marked fall in venous pressure 
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hedit, a second opening on the wall of the tube, a few millimeters fiom 
the lowei end, obviates the possibility of blocking this end when it 
touches the ventiiculai wall The same tube was used throughout 
these expel iments and was found suitable foi every size of heart 
employed Once a preparation has been made, the greatest care should 
be taken to asceitain, by withdiawal of the plunger, that a full leak 
has been established, then, with manometers properly fixed in position, 
nothing need be distuibed by the subsequent manipulations and the 
preparation is lehable 

As showing the legulaiity with which counts aie lepeated for the 
same conditions, an example may be cited from an expeiiment with a 
heart weighing 90 Gm With the inflow tap marking 700 cc and an 
aitificial resistance of 70 mm of mercury the time of output ot 100 cc 
was 8 6 seconds without lesion and 10 seconds with lesion These 
times never vaiied b} moie than 0 2 second for like conditions m the 
course of foui estimates spiead over half an houi, vaiiotis counts 
under othei conditions having been made in the intervals Differences 
liecome more marked as the woik called for inci eases, according to the 
size of the heait With a large heait giving an output of fiom 15 to 
20 cc per beat oi moie, a lesion caused by the tube used is almost 
fully compensated aftei a few cycles, when the artificial resistance is 
not too high In an animal weighing 20 Kg the heart weighed 120 Gm 
In experiment this heait gave with a flow of 1,300 cc a count of 
4 6 seconds without lesion, and 5 seconds with lesion for an output of 
100 cc . with an aitificial lesistance of 100 mm of inercui) That 
lepresents, with a late of 90, a deficit caused by the lesion of little moie 
than 1 cc per beat When the resistance was increased to 140 mm 
of mercuiy, the counts weie 6 seconds without and 8 seconds with 
lesion The fall in systolic arterial pressuie following the lesion was 
small m the first instance, hut it amounted to 15 mm of meicuiy m 
the second As long as the resistance remained at about 100 mm . 
little diminution of function lesulted from the defect Of couise 
there is a liability to eiroi m counting, but in carefully lepeated obser- 
vations It does not amount to more than or — 0 2 second 

The influence of an increase in the peripheral obstiuction in its 
effect on the compensatory reaction of healthy muscle is significant 
So far as these artificial conditions indicate, the obstruction is a strong 
factor in i educing efficiency as measured by the work done with lesion 

The lowering of diastolic aiterial pressure resulting fiom lesion 
has been considered an aid to ejection In this connection it is necessar}^ 
to consider a few points which have presented themselves in the piesent 
work The diastolic fall is shown to vary from a few to about 22 milli- 
meters of mercuiy in an aveiage case, while the peripheial lesistance 
remains fixed In the natural vascular system the mean pressure 
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gradient is faiily uniform at different distances from the heart to the 
capillaries In the artificial scheme one can scarcely speak of a pressure 
gradient between the heart and lesistance tube The obstruction at 

0 

this lattei point is abrupt When the pressure is loweied on the prox- 
imal side of this obstruction, there is gi eater facility of output into 
the arterial system, but no reduction of the resistance to onward flow 
at the tube A due circulation past this obstruction depends on an 
ample mean pressure m the arterial system The lowering of diastolic 
piessure due to lesion, while it facilitates systolic output, diminishes 
the available power to force the peripheral obstruction When the 
difference between the aiteiial pressure and the fixed resistance wai> 

1 educed to about 20 mm of mercury, the flow to the venous side was 
ereatlv diminished, and mtermittence occuried Hence, m the artificial 
scheme the arteiial system is placed between two difficulties, one at the 
cardiac end demanding a reduced piessure and one at the peripheial 
end demanding a high piessure Any mciease m this peiipheral resis- 
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tance has alwa 3 's a maiked effect in inci easing the haim caused bj- 
lesion In natural conditions, Avhen the aiterioles aie rigid, a compaii- 
son ma}'^ be made with the ai tificial scheme which provides an indication 
for relief of the obstruction m conditions of the heait In table 2 will 
be seen some details of the effects of a lesion m a large heart with 
the intioduction of high resistances and laige venous flow One is 
led to think that m natural lesions of the vahre m man the peiipheral 
lesistance m the arterioles, as compaied with arterial resistance, that m 
a finger contrasted to that m the aim, for instance, is an important 
condition to determine A high resistance in the aiterioles may coexist 
with a comparativeh low mean or diastolic aiteiial piessure The 
pulse pressure is reduced, and the diastolic pressuie remains high 

In the cases lecorded m table 2 the valvular defect at first caused 
moderate reduction of the volume of output amounting to about 1 cc 
per beat In calculating the work the total resistance was arrived at 
by adding from 25 to 35 mm of mercuiy to the fixed resistance to 
allow for the excess of mean arteiial pressure over this The actual 
function has been calculated for most of the observations For the 
preparation m table 1 it was estimated as follows With an output of 
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750 cc and a late of 80 (lead on the lecord), the output pei beat 
was 9 4 cc This was diiven against a total lesistance of 115 mm of 
meicuiy (90 -|- 25) So with a sectional aiea of outlet of 50 sq mm , 
the woik pel beat was about 1,400 Gm cm oi 112,000 Gm cm foi a 
minute’s function 

When the lesion set m, the output pei beat was ~ = 7 7 cc This 
was ejected against a lesistance of 100 mm of mercuiy (the mean 
aiteiial piessiiie had fallen about 15 mm of meicuiy), and the woik 
accoidmgly amounted to about 1,150 Gm cm pei beat, a reduction 
of 325 Gm cm , oi 24,500 Gm cm pei minute The output pei 
beat vaiied m oidinaiy conditions fiom 9 to 20 cc The change of rate 
lesultmg fiom a defect is slight, as a rule, unless some foini of 
airhythmia sets in That mentioned in the foiegomg calculation foi 
table 1 w'as exceptional In figuie 2, for instance, theie is piactically 
no change of rate, w'hile in othei cases it amounts to a few beats 
Cuives have been plotted at different mteivals aftei the onset of a 
lesion to show' the i elation between output and lesistance when 
the flow', tempei atui e, etc , ai e constant They show somewhat ii i egu- 
lai foim bejond a ceitain piessuie which varies foi different 
pi eparations 

Even when valvulai defects aie not piesent the function of the 
heait deteiioiates w'lth anoxemia, but the deficit is gieatei and moie 
quickl} established W'hen the lesion exists An mciease in the inflation 
of the lungs in the piesence of a lesion w'lll cause a maiked impiovement 
in the output w'hen this has been lowered by deflation 

Anothei condition w'hicli should be biiefly consideied under this 
section, IS that of the heait stiipped of its peiicaidium The deficiency 
of compensation, compaied with intact condition, becomes apparent 
only with high lesistance A lesion set up m such conditions causes 
the heait to become distended and the output to be gieatly reduced 
The minute volume of output may be i educed by an mciease of 
lesistance in the noimal condition, when the peiicardium is opened, 
and when the lesion is intioduced the effect of inci eased aitificial resis- 
tance becomes maiked, the function being cut down to small piopoi- 
tions Appaiently, a initial lesion in ceitain circumstances causes some 
distui bailee of the heait’s efficiency, which is not simply measuied by 
the withdiawal in reflux of a ceitain quantity of blood fiom the volume 
to be ejected Piobably a loweiing of coionaiy piessuie affects it 
Caidiometei lecoids are not of much use foi showing the increase of 
systolic volume when the pencaidium is open, because the distention is 
to some extent masked by the instiument Without the pencaidium, 
the leak alone may be less than the mcasuie of failuie m output follow- 
ing the lesion The heait in these cases lemains distended in systole 
out of propoition to the diastolic volume, and its powei of conti action 
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IS definitely interfered with, an interference which must be independent 
of anoxemia, because of its lapid appearance 

To conclude this section it is necessary to allude to previous woik 
on the measurement of output from the heart when no lesion existed “ 
For instance, it was said that the maximum of output may be 3 hteis 
for a heart weighing 56 Gm The hearts used m the present experi- 
ments were in general much larger than this , it is necessary to emplo}' 
large organs to produce lesions easily The artificial resistance is not 
stated 111 the report mentioned Presumably, the output was effected 
thiough two cannulas, in the innominate artery and the aorta, but 
measurement of the exact amount of inflow is not given As already 
stated, I was not concerned with these large quantities of blood for 
output, but It was found that for the output of 2,000 cc per minute, the 
artificial resistance had to be comparatively low Contrary to what 
might be expected from the results of the observers here referred to, 
although they were not concerned with valvular defect, the artificial 
resistance is an all important factor in aggravating the effects of lesions 
In the presence of a mitral lesion m practically any circumstances, an 
increase of the fixed resistance almost invariably leads to a further 
reduction of output which may be slight but is generally noticeable or 
considerable 

SECTION 2 

It has been said by Mackenzie ' that ti icuspid regurgitation is com- 
mon in “normal” human beings, and ihat it may be m part responsible 
for the formation of the V wave in the venous pulse The force exerted 
m systole of the right ventricle is somewhat less than half that of the 
left, but the difference of resistance to be overcome corresponds pretty 
well with this It is important to consider a comparison of the differ- 
ences prevailing between aortic and left auricular pressures in dealing 
with tricuspid and mitral lesions, respectively Obviously, the difference 
favors a much larger jet on the left side than on the right side, if one 
may judge by comparisons of the corresponding records (fig 5 with 
fig 6) The same manometer was used for both sets of records, but 
in different hearts The conditions of pressure, flow, etc , were the 
same, and the hearts corresponded closely m weight 

Near the center of the summit of the reflux wave m the right auricle 
(tricuspid lesion) are seen two or three large sharp oscillations which 
correspond m time with the vibration'- due to the semilunar valves on 
the arterial curve One of these oscdlations marks the beginning of 
diastole, geneially the highest, it is like the pointed elevation described 
by me ® on the V wave in man , it marks the highest point of intra- 

7 ^Mackenzie, J Am J Med 134 12, 1907 

8 Barr\ D T T Plnsiol 59 293, 1924 




upward arrow, and abolished at downward arrow 
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auiicular pressure with tricuspid defect, but not necessarily with noiinal 
valve It is fairly distinct from neighboimg oscillations and is seen 
here even with open thorax, though in the venous pulse generally it is 
well marked only when the chest is closed It has, in fact, been asciibed 
to a possible mtiathoracic pressure change, though its causation may 
be the closure of the semilunar valves It will be leferied to again 
in section 3 and is mentioned here as marking the summit of the 
leflux curve 

Reguigitation fiom the right ventricle has been occasioned by the 
same tube with a method of introduction through the right auriculai 
appendix similai to that used on the left side It is evident from the 
lecoids that output from the left side of the heart is not affected by 
tricuspid defect in the same way as by mitral defect The resulting 
fall of systolic arterial pressure is slight and gradual with the formei, 
measuring no more than fiom 6 to 8 mm of mercury in the course of 
seveial beats The returning beat, aftei the lesion is abolished, usually 
shows a continued fall, nevei a rise, cf pressuie m the arterial system 
(fig 5) 

The effect of tricuspid incompetence is well marked on the venous 
side, but the pressure in the right auiicle does not rise to a height 
equivalent to that caused on the left side by mitral trouble, nor does 
it affect the onward propulsion of the blood to any like extent The 
tidal flow aftei lefltix piovides a sufficiently large volume foi output 
to keep the piessuie in the pulmonary artery nearly up to its former 
level , and a small increase in inflow i« sufficient to restoi e the arterial 
pressure (systemic) to its foimer level An inciease m inflow cannot 
effect a similar degree of compensation with a mitral lesion, the essential 
change in the latter condition being a i eduction of resistance Conse- 
quently, primal y lesions of the tricuspid valve are of less impoitance 
than left side lesions from the point of view of function Increase 
of aitificial resistance has not, in the case of tricuspid leak, any gieatei 
effect on arterial flow than such increase pioduces when no lesion 
exists, for instance, a preparation in which the heait weighed 100 Gm 
was jielding an output of 850 cc with an inflow of 900 cc , against 
an artiflcial lesistance of 120 mm of mercury A tricuspid lesion was 
then set up, and the time of output for 100 cc was 7 4 seconds, the 
pievious time being 7 seconds On tinning the inlet tap to neai the 
maik 1,000, the time for filling the 100 cc cyhndei was reduced to 
6 6 seconds, e\en m the presence of the lesion Many estimates have 
been made in this way for comparison with left side lesion effects and 
all point to the conclusion stated previoush’- 

Defects in pulmonary ventilation, too, have less effect with light 
than with left side interference Defective oxygenation affects the 
muscular work independently of lesion, the ill effects becoming more 
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evident when the lesion occurs , but tricuspid incompetence is not 
aggiavated in the same way by anoxemia as is mitral incompetence 
The right ventricle, too, seems to me to resist mechanical interference 
better than the left, which has gone into fibrillation on many occasions 
for apparently trivial causes Because of this tendency of the left 
ventricle, ventricular manometers, previously used for determining 
intraventricular changes of pressure, have been abandoned for these 
experiments and arterial manometers adopted Even though the ventri- 
cles withstand the manometers and seem to act vigorously after then 
insertion, the functioning power of the heart is not the same as when 
they are avoided The pericardium also has to be interfered with for 
the insertion of ventricular manometers and, as already stated, it is 
better to preserve it 

Notwithstanding the minoi influence of tricuspid leak, it is important 
to ascertain whether tricuspid insufficiency is, as some obseivers hold, 
a frequent sequel to mitral defect or not The question reappears in 
section 3, in connection with that of how the venous pulse is affected 
by left side lesions Here it is sufficient to state that never in these 
experiments has a picture presented by the right auricle as a result ot 
mitial defect at all resembled that presented by direct tricuspid leak, 
experimentally established, as seen m the records (fig 5) Of course, 
failure to produce this secondary effect of mitral leak lasting from 
fifteen to twenty minutes at the outside does not connote failure to 
produce it as a result of initial defect lasting fiom fifteen to twenty 
weeks or months Yet it is a stiikmg fact that with marked hindrance 
to outlet on the left side, accumulation m the left side of the heart 
and pulmonary engorgement, the tricuspid valve remains competent 
When the pressuie rises in the right ventricle, the systole of this 
chamber does coincide with a use m the corresponding phase of the 
intra-auncular curve, and there may be a small reflux through the valve, 
but it IS not detectable by ordinary means, such as the manometer and 
palpation foi thrill 

SECTION 3 

Although the venous pulse record has m lecent yeais become a sort 
of sheet anchor m the diagnosis of cardiac lesions and the determination 
of functional capacity of the heart mechanism, it still presents many 
features, certain oscillations and pressure changes, especially in optical 
records, the significance of which is by no means understood A knowl- 
edge of these, however, and of the way in which they are affected 
b} cardiac defects is most important for the interpretation of irregular 
action It will be best to consider briefly at this stage the various 
elements constituting the venogram, the three classic waves, a, c and v, 
with the corresponding dips or depressions The a elevation is generally 
looked on as being associated with auricular contraction, but the 
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mechanism of its production, whethei b}*- reflux oi by lebound from a 
closed or paitially closed venous orifice is not agreed on Accepting 
the influence of leflux in its foimation — and no one can well doubt it 
who has observed the filling with auricular systole of the cardiac end 
of one of the large veins when clamped a few centimeters from the 
oiifice — it IS still difficult to say how fai the size of a is to be taken 
as a measure of the force of auiiculai conti action In geneial terms, 
it mav be asseited that with inci eased pressuie m the right auricle, 
whethei caused by augmented inflow oi by pulmonaiy oi mitral obstiuc- 
tion, the size of a is increased and its measurement gives some indi- 
cation of auricular foice and intra-aui icular pressuie The height 
of the a summit varies with lespiration, being highest after the end of 
mspiiation when intra-thoiacic piessure is low and venous inflow is 
free This does not apply to conditions with the chest open Individual 
pecuhaiities which give use to diffeient types of venous pulse are 
evident only with the closed thoiax 

Variations in the size of the a wave and m its position lelative to 
the other elements may occui independently of lespiiation and of intra- 
thoracic pressuie changes The question may be supposed to lose m 
value 111 light of the view held b) some obseiveis, that the auricle is of 
little consequence as a driving or dynamic factoi in the ciiculatoiy 
mechanism a view which seems to be based on the weakness of the 
walls of the chambei and on the lesistance opposed to the auiiculai 
output by the filled oi iieaily filled ventricle, as well as the facility with 
which leflnx may occur into large vcms of low lesistance Fed and 
Katz ° have demonstrated, however, that when the auiicles ha^e been 
made to fibnllate artificially the output is always less than m peiiods of 
normal am icular activity The results ceitainly point to the possession 
of dynamic influences by the auricles It will be shown, presently, 
that the a wave, or its equivalent in intia-aunculai curves, undeigoes 
some increase in size as a lesult of increased piessuie m eithei amide 

That part of the am icular lecoid which lepiesents the c wave of 
the venous record usually consists of two oi three vibiations, the fiist 
of which coiiesponds to the c wave piopei and piecedes the arterial 
upstioke by one-twentieth of a second It is of little significance m 
experimental work be}ond showing that an early oi piesphygmic leflux 
may occur as indicated by a use of piessuie beginning at this point 
The dip succeeding the c elevation in the venous pulse, lefeiied to as 
the %' depression, generally indicates the lowest point of venous pressuie 
when the chest is closed, and from this point the static use of venous 
pressure begins The position of this dip a' relative to the T deflection 
of the electiocardiogiam seems to me to have some significance as 
revealing cardiac functional capacity, and it has been dealt with m a 

9 Fell, H, and Katz Proc Soc Exper Biol & Med 20 323, 1923 
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pievions publication A well marked rise of the point may be observed 
in the records of tricuspid regurgitation, and this appearance is woithy 
of attention when such a lesion is suspected The venous pulse has 
sometimes been taken from the inferior vena cava in these experiments 
by the insertion of manometers The record then resembles that taken 
from the auricular appendix, so that the latter gives a picture which may 
be interpieted in teims of venous pulsation in general 

Lastl}, the form of the v wave may give important information 
legardmg efficiency and type of lesion in a given condition A special 
oscillation already mentioned occurs near the summit of this wave, 
which has been described in optical venograms from a man as coinciding 
with the beginning of diastole before the opening of the auiicula- 



Fig 7 — Triple record from normal man, venogram (top) , carotid (middle) , 
apex beat (below) , this record shows the well marked diastolic stroke against 
the chest tambour, with sudden rise of intrathoracic pressure after systole, the 
downward arrow is at the beginning of systole, the upward arrow in diastole, 
further description is given in the text 

ventricular valves An alternative or additional cause of this oscillation 
to that already mentioned (closuie of the semilunar valves) is sug- 
gested b^ records such as that presented m figure 7 This is a triple 
record venogram (top), carotid (middle) and apex beat (bottom) 
The apex beat is an inverted cardiogram taken in reality to the right of 
the apex beat m a young man There is a downward deflection of 
the beam of light from the mirror on the recording tambour at the 
onset of systole, that is an expression of the negative pressure in the 
thorax, accompanying systole (due to the tug of the right ventricle in 

10 Barn , D T , and O’Donovan, W J Arch int de med exper 2 311, 
1926 
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lotation of the heait) Theie is a shaip upwaid deflection at the onset 
of diastole, that is, an expiession of the sudden increase of intia- 
thoiacic piessuie which maiks this phase The apex of this sudden 
upward deflection coiiesponds with the shaip oscillation of the v wave in 
the venogiam above it, both points coiiesponding closely with the 
dicrotic notch of the aiteiial cuive, but it is almost certain that the 
closure of the seinilunai valve which coincides with it could not 
occasion a deflection of this soit in the curve of the apex beat Systole 
IS inai ked in the i ecoi d by a do wnwai dly dii ected ai i ow, diastole by an 
upwaidlv dll ected one Consequently there is a sudden shaip inciease 
of intiathoiacic piessuie at the inception of diastole which can only be 
}ielded by a sudden shaip inciease in the volume of the heart Diastole 
occuis lapidly, if not actively, and is not the giadual process which it 
IS geneiall}' considered to he 

Patteison and Stalling stated that not only is there no shaip lecoil 
of ventiicular muscle with beginning diastole, but also that if blood 
IS not present to distend the fibeis, and contractions continue, the 
volume of the heait will get smallei and smallei But an empty heart 
suddenly cut out of the tlioiax of a cat oi labbit, keeps on beating, 
conti acting and expanding, for some time Such cuives as that m 
figuie 7 can only be explained by a faiily shaip expansion of the 
heart chambeis It may be that caidiac muscle is slow to letuiii to the 
lelaxed condition aftei conti action, but it must be lemembered that 
there is a iing oi imgs, of iigid fibrous tissue in the walls which 
certainly gives a shaip lecoil aftei compiession, a lecoil which must 
cause a sudden change m pressure within the closed space suriounding it 

During the influence of the initial lesion the piessuie in the left 
auiicle IS high in both systole and diastole, and remains highei than 
befoie dm mg at least a few cycles aftei the lesion The high mean 
piessuie 111 the left amide pioduces some inciease of piessuie m the 
light amide, appaiently by direct influence, befoie theie is any effect 
fiom pulmonai}^ stasis In the second beat aftei the initial lesion the 
right amide lecord shows a change, a use in level (fig 2), which is 
intensified and outlasts the lesion when aiihythmia is a sequel (figs 3 
and 4) This aspect of the pioblem has to be developed fuithei befoie 
any definite statements aie made conceimng the paiticulai phases of 
the venous pulse affected by initial insufficiency, but the general state- 
ment holds, namely, that the venous pulse as indicating light amide 
pressuie changes does vary in its chaiacteis with left amide piessuie 
changes caused by mitral valvulai defect 

RESULTS 

The methods employed in this work aie, of couise, open to ciiti- 
cism fiom diffeient points of view Fiistly, theie is the condition 
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of the open thoiax, which has heen aheady dealt with to some extent 
The noimal negative pressure to which the heait is subject in the closed 
thoiax cannot be reproduced in artificial conditions Efifoits to do so 
have been made in a diffeient foim of work,® hut when a tube must 
be introduced into the organ it is impossible The presence of such a 
tube IS naturally objectionable for investigation, but a better method of 
producing valvular defect does not suggest itself Fiom the compaii- 
sons of output, before and after introduction, it is obvious that the 
tube causes even less mteiference with function than does a manometei 
in the ventricle Generally speaking bettei conditions aie not available 
for the investigation than those chosen and every efifort has been made 
to imitate natural conditions 

Although some discrepancies for the measurement of output in the 
lesults of mitral lesion were observed, there was, on the whole, a 
remaikable uniformity in the estimations for similar conditions, which 
inspires a certain amount of confidence in applying the results to natural 
conditions The function of the heart, when hampeied by a defective 
mitral valve, has been shown to be decidedly diminished in most circum- 
stances This IS aggravated by an increase in the amount of venous 
inflow Function deci eased to a much greater extent in the case of a 
mitral lesion than in the case of a tricuspid lesion, in otherwise similar 
circumstances Increase of arterial resistance does not add to the 
deficiency resulting from tricuspid defect proportionately to the 
depressing influence of rising resistance in the case of mitral defect 
An increase of venous inflow does cause an immediate improvement 
in the function under the influence of tricuspid defect The effect 
produced in the pulmonary circulation by failure of the mitral valve adds 
considerably to the giavity of the condition, because with this there 
IS reduction of aeration of the blood, and this has been shown to 
cause a marked deterioration of muscular efficiency The influence 
of this factor is not so obvious in right side lesions 

Compensation of a valvular defect is supposed to be brought about 
by the mechanism which enables the heart to yield increased work in 
physiologic conditions This view has been put forward by Starling 
and others “ When the ventricle dilates, owing to a greater volume 
of blood within it, the stretching of the fibers causes enhanced contrac- 
tions But It IS necessary to bear in mind the state of the muscle, 
the energy behind the stroke, so to speak Hypei trophy provides for 
this increased demand, hypertrophy with good metabolism There are 
limitations to this so-called law of the heart in directing compensation 
We have seen what happens under strain when the pericardium is 
removed , not only, then, is undue distention not responded to by 

11 Starling, E H Presse med 60 29 (J 11 I 3 ') 1922 
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enhanced conti action, but also the sti etching is a cause of inefficient 
coiiti action, and this occuis at a stage befoie the limits of elasticity oi 
extensibility aie passed, as is shown by lecoveiy of contractile powei 
and efficiency in many oigans when favoiable conditions are lestoied, 
aftei tests in which theie was piactically no function and the distention 
of the chambeis was gieat It was stiipiismg to note the effect of 
leak into the amide when a lieait without peiicardium was acting 
with laige flow against high lesistance The lesion proved to be the 
last stiaw which tinned the scale, and not only dining, but aftei, 
lesion the heait lefused to function anything like equivalent to the 
pielesion standaid, not at least until lesistance to output was reduced 
In disease in man the onset of defects is slow, and in many ways 
not compaiable to the conditions caused in expeiiment, but in man 
exacerbations occiii , sudden sti am, etc , to which the lessons taught 
by expel imeiit ma} be applied , and these lessons indicate, above all 
attention to the peiipheial resistance and to the aeiation of the blood 
The view put foiwaid b}^ Whitney^- that the factor of most 
impoitance in anoxemia is that of the circulation, those of the lespira- 
toiy exchange and the blood composition being of secondaiy conse- 
quence, has been opposed by Schneider and Tiuesdell The objection 
IS that the respiiatoiy and blood influence is peimanent It is clear 
fiom the piesent experiments that the foice and work of the heait is 
quickly affected in anoxemia Valvular incompetence is certainly a 
suitable condition foi a demonstiation of this effect Anoxemia pio- 
duces its effect on the musculatuie, its influence being apparent, espe- 
cially with valvulai lesions, and the figuies given for the changes wi ought 
leave little doubt of the distuibance 

The influence of initial i egui gitation on right mtia-auiicular pies- 
sure curves, though not pronounced, is distinct It is always revealed 
by the second reguigitant beat as a use m geneial level The aunculai 
systolic wave rises appreciably highei than in the nonlesion beats, and 
the succeeding oscillations, synchionous with early ventiiculai systole, 
are also raised to a highei level (figs 2, 3 and 4) Obviously, the 
right auricle was somewhat encumbered by the abnoimal phase, and 
it was suddenly relieved when this ceased 

CONCLUSIONS 

The work of the heait when hampeied by a defective mitral valve 
IS distinctly diminished m most circumstances This deficit is made 
more evident when the venous inflow is increased, and it is decidedly 
aggravated by increases of peiipheial resistance 

12 Whitney, J L Aviation, J A M A 71 1390 (Oct 26) 1918 

13 Schneider, E C, and Truesdell, D Am J Physiol 71 90, 1924 
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The lesults of changing the aitificial lesistance suggest the impor- 
tance of noting the degiee of rigidity and obstruction in arterioles as 
compared with mean arterial pressuie m man, and ascertaining the 
pressure gradient 

The defect m aeration of the blood occurring with mitral lesion 
has a deleteiious action on the cardiac muscle, and when anoxemia 
IS set up by defective pulmonary ventilation the deficiency m compensa- 
tion of a mitral lesion is marked 

In lesions of the tiicuspid valve the influence of a rise in arterial 
lesistance is slight, that of anoxemia is not at all comparable with its 
effect 111 mitral incompetence 

The fall in aiterial pressure with tricuspid lesions is small and of 
slow onset, that with mitral lesions is marked and of rapid onset 

Tricuspid deficiency does not occur in expeiiment as a lesult of a 
mitral lesion 

Tricuspid incompetence causes well-maiked changes in the lecords 
of the light auiicle, with a use of pressure and characteristic vibrations 

Mitral incompetence causes changes in the recoids of the right 
auiicle which are less charactei istic than those on right side lesion 
Further investigation of these changes is necessaiy, and there is not 
any immediate piospect of my being in a position to make it 
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111 a pieMous paper we have lepoited the effect of experimental 
obstructive jaundice on hepatic function as measured by ceitam tests 
At that time particular attention was paid to the changes in the fructose 
tolerance, the nitrogen paitition in the blood, the serum bilirubin and 
the phenoltetrachlorphthalem test- We now wish to report fuithei 
studies with particular refeience to the bromsulphalem test of Rosenthal 
and White,^ the bile acid content of the blood and the elimination of 
intravenous!} injected bile acids The serum bilirubin was followed as 
an index to the degree of jaundice, a standard of refeience being thus 
furnished foi the comparison of the lesults m the two series of 
experiments 

Tvo groups comprising a total of fifteen animals were studied 
those in which the common duct had been ligated and those in winch 
cholecystectomy had been performed in addition to ligation of the com- 
mon duct In all cases complete studies with legard to the tests to be 
emplojed were made before the operation and at intervals of from 
one to three da}s during the period following obstruction Chole- 
cystenterostomy to relieve the obstruction was successful!}’- pei formed 
in two instances and the course of recovery studied 

■*' From the Division of Medicine, Ma 5 '-o Clinic and The idayo Foundation 

* The data presented in this paper are taken from a thesis submitted b}’ A M 
Snell to the Faculty of the Graduate School of the Unuersity of Minnesota in 
partial fulfilment of the requirements for the degree of S in iMedicme, 
reported m part before the annual meeting of the American Society for Clinical 
Investigation, Atlantic City, 1926 

1 Snell, A M , Greene, C H , and Rowntree, L G Diseases of the Liver 
II A Comparative Study of Certain Tests for Hepatic Function in Experi- 
mental Obstructive Jaundice, Arch Int Med 36 273 (Aug) 1925 Greene, C 
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J Clin Investigation 2 604, 1926 
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3 Rosenthal, S M Clinical Application of the Bromsulphalem Test for 
Hepatic Function, J A M A 84 1112 (April 11) 1925 Rosenthal S M, and 
White, E C Studies in Hepatic Function VI A The Pharmacological 
Behavior of Certain Phthalein Dyes B The Value of Selected Phthalein Com- 
pounds in the Estimation of Hepatic Function, J Pharmacol & Exper Theran 
24 265, 1924 
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The animals weie kept on a constant diet of meat, milk and dog 
biscuit Following the production of obstiuction, the changes in the 
general condition of the animals were essentially identical with those 
leported in the preceding paper Anorexia, weakness and progressive 
loss of weight were constant To combat this, certain animals were 
fed daily by stomach tube with a mixture of corn syrup and milk This 
served to prevent the immediate postoperative loss m weight, and the 
dogs remained in better condition than when allowed to eat at will 
These animals remained alive and in good condition for a much longei 
time than those in the fiist series of experiments Two survived for 
periods of 108 and 120 days, respectively, and m these it was possible 
to study the late effects of complete b diary obstiuction 

ILLUSTRATIVE PROTOCOLS 

The functional disturbances observed following the production of 
obstruction to the bile passages were strikingly uniform in both series 
of experiments Complete studies were made on animals with obstruc- 
tive jaundice both in the presence and in the absence of the gallbladder 
The four protocols which follow are characteristic of the fifteen animals 
studied The changes in an additional experiment are given in tabular 
form only 

Experiment 1 — The dog was an adult female, black and bundle mongrel m 
good condition, weighing 10 Kg On Oct 21, 1925, a complete senes of functional 
tests was made, on October 29, under ether anesthesia and with aseptic technic 
cholecystectom}' was performed and the common duct doubly ligated and severed 
between clamps The following day the sclerotics and mucous membranes were 
subicteric, and there was bile in the urine, the functional studies were repeated 
On November 1, jaundice was marked, and the stools were light colored The 
animal had recovered from the immediate effects of operation and was in good 
condition The functional studies are shown in table 1 and in figure 1 This 
animal was tube-fed on corn syrup and milk, and remained in fairly good condi- 
tion The icterus gradual!}^ decreased in intensity, and the animal lost weight 
slowlj After about eight weeks, evidences of collateral circulation appeared on 
the abdominal wall, and there was also definite distention of the abdomen On 
January 1, ascites could be demonstrated, this increased rapidly, and in conse- 
quence the weight of the animal showed a marked rise Figure 2 shows the 
extent of the collateral circulation in this animal On February 1, the weight was 
116 Kg , there was marked edema of the abdominal wall and hind legs This 
edema increased progressively up to the time of death, which occurred on Feb 14, 
one hundred and eight days after the operation 

At necropsy there was marked edema of the abdominal wall and hind legs , 
3,800 cc of ascitic fluid was removed from the abdominal cavity Collateral 
circulation was v ell developed, particularly in the vessels of the omentum, which 
uas adherent to the laparotomy’- scar The veins of the lower part of the 
esophagus, the gastric collateral circulation, the veins of Sappey, the splenic 
^essels and those of the pelvic plexus were dilated There was only slight 
staining of the tissues with bile, and the ascitic fluid contained only small 
quantities of bilirubin The liver was small, shrunken, tough and reddish-brown 
with a finely granular mottled surface There were adhesions of the duodenum 
to the fossa of the gallbladder The common duct w'as greatly distended, being 
about 2 cm in diameter, and contained a gray ish, mucoid fluid Obstruction to the 
duct was complete 



Table 1 — Changes Obsoved Following Ligation of the Common Bile Duct 
and Cholecystectomy {Expenment 1) 
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Fig 1 (experiment 1) — Changes m bromsulphalein test, bile acid reading and 
serum bilirubm following ligation of the common bile duct and removal of the 
gallbladder 
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]\Iicroscopic examination of the liver showed the presence of chronic cholan- 
geitis with thickening of the walls of the bile ducts and infiltration with small 
l}"mphocytes There was fibrosis of the terminal bile ducts and evidence of some 
regeneration of the ducts Moderate diffuse infiltration of the parenchyma with 
lymphocytes was noted The general appearance was that of monolobular biliary 
cirrhosis 

Expel uncut 2 — The dog was an adult female mongrel m good condition, 
weighing 13 5 Kg On March 24, 1926, a control series of functional tests was 
performed On March 26, under ether anesthesia and with aseptic technic, the 
common duct was doubly ligated and severed between clamps The gallbladder 
was removed at the same time An increase m the bile salts in the blood was 
noted one hour later and m the serum bilirubin within four hours The following 

Table 2 — Changes Obseivcd Following Ligation of the Common Bile Duel 
and Cholecystectomy {Expei uncut 2) 
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day the clinical signs of icterus were evident, and the urine contained bile The 
animal recovered rapidly from the effect of the operation and remained in good 
condition, although it lost tveight slowly The changes m the laboratory tests 
are shown in table 2 and in figure 3 The icterus gradually decreased in inten- 
sity although the urine contained bile pigment and the stools remained light 
colored Abdominal distention was noted, and on April 27, thirty-three days after 
the production of obstruction, free fluid was demonstrated m the abdomen The 
ascites graduallj increased, and on June 3 it was so great as to cause respiratory 
embarrassment Paracentesis ivas performed, and 4 liters (equivalent to nearly 
a third of the weight of the animal) of bile-stained fluid was removed The 
animal remained in fairlj good condition for a fortnight, when the abdomen 
again began to enlarge At this time the superficial abdominal veins were 
dilated and there vas a widespread collateral circulation The appetite was 
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poor, and, although the bodj weight increased, the dog rapidly lost flesh and 
strength On July 26, 2 liters of clear, straw-colored ascitic fluid Avas removed 
hy paracentesis Relief -was temporary, and the dog died five days later, 
one hundred and twenty-seven days after the obstruction to the common bile duct 
At necropsy the liver was greatly shrunken, firm and bile-stained The surface 
was covered with old organized adhesions, many of which w^ere vascularized 
The obstruction to the common duct was complete It was greatly dilated and 
filled until a grayish mucoid secretion The intestines were free from bile 
pigment The micropscopic appearance of the liver was essentially the same as 
in the preceding experiment 



Fig 2 (experiment 1) — Abdominal ascites and extensive collateral circulation 
m a dog nine weeks after ligation of the common bile duct 

Expeuvicnt 3 — The dog was an adult male, brown and white terrier in 
good condition, weighing 11 4 Kg On October 21, 1925, a complete senes of 
functional tests was performed On October 29, under ether anesthesia and 
with aseptic technic, the common duct was doubly ligated and severed The 
gallbladder was not disturbed The following day the animal was m good 
condition without marked postoperative reaction The functional studies were 
repeated On November 1, slight icterus was apparent m the mucous mem- 
branes and conjunctiva, the stools were clay colored The animal was given 
corn syrup and milk daily by stomach tube, and thereafter remained m good 
condition with only slight loss of weight The results of the functional tests 
are shown in table 3 and in figure 4 
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On December 18 an attempt was made to relieve the obstruction The 
animal was slightly jaundiced at this time, but careful examination at operation 
proved that the obstruction was complete A quantity of thick, black, viscid bile 
was removed from the gallbladder by means of a trocar, and cholecystoduodenos- 
tomy was performed For the first few days after the operation, the stools were 
alternately light and dark, but subsequently they uniformly contained bile 
The animal remained in good condition thereafter On January 1, the stools 
again showed evidence of intermittent obstruction, although the serum bilirubin 
varied only slightly The obstruction later became complete, and bile was not 
apparent in the stools 



Fig 3 (experiment 2) — Changes m bromsulphalein test, bile acid reading and 
serum bilirubin following ligation of the common bile duct and removal of the 
gallbladder 


On March 18, the animal was killed, and complete obstruction from post- 
operative stricture at the site of the anastomosis was found The liver was 
small, firm and granular, with definite evidence of biliary cirrhosis 

Expeiiment 4 — The dog was an adult female, mongrel collie, in good 
condition, weighing 11 5 Kg On Jan 6, 1926, a control series of functional 
tests \\as performed On January 14, under ether anesthesia and with aseptic 
technic, the common duct was doubly ligated and severed between clamps 
The gallbladder was not disturbed Two days later, the animal was in good 
condition without marked postoperative reaction , the functional studies were 
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repeated The serum bilirubin was 0 7 mg, and the next day icterus was 
apparent m the skin and mucous membranes The animal was fed dog biscuit 
and meat with the addition of corn syrup and milk, and remained in good con- 
dition without significant loss of weight The results of functional tests are 
gnen in table 4 and in figure 5 

On Feb 16, 1926, under ether anesthesia and with aseptic technic, an attempt 
was made to relieve the obstruction A quantity of thick, black, viscid bile 
w'as removed from the gallbladder by means of a trocar, and cholecystoduodenos- 
tomy W'as performed Bile appeared in the stools the following day Drainage 
W'as satisfactory for a short time, but within three w'eeks the color of the stools 


Table 3 — Changes Obscived Follozvtng Ligation of the Common Bile Duet 

(Expel nnent 3) 
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gave evidence of intermittent obstruction, which later became complete The 
animal was killed on May 4, seventy-six days after the second operation The 
liver W'as shrunken and contracted, and the gallbladder and bile ducts were 
dilated and contained a grayish, mucoid fluid The opening betw'een the gall- 
bladder and the duodenum had closed, and obstruction was complete 


DISCUSSION OF TESTS 

Bde Pigments — In our previous papei dealing with experimental 
obstiuctive jaundice,^ particular emphasis was placed on the changes 
in the serum bilirubin during the fiist two weeks after the production 
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of biliary obstruction Particularly interesting were the differences 
noted in the two groups of animals with reference to the influence of 
the gallbladder in delaying the development of bilirubinemia , this 
observation was recently stiessed by Mann and Bollman ^ Similar and 
confirmatory results were obtained in this series of experiments 

The maximal degree of bilirubinemia occurred betw^een the first 
and second w^eek in both series of animals Thereafter the serum 
bilirubin gradually decreased, even though complete obstruction w^as 
maintained This is w^ell showm in experiments 1 and 2, in Avhich the 



Fig 4 (experiment 3) — Changes in bromsulphalein test, bile acid reading and 
serum bilirubin following ligation of the common bile duct Cholecj stoduoden- 
ostomy was performed on the fortieth day after obstruction 


serum bilirubin decreased spontaneously from 8 7 to 2 mg , and from 
23 1 to 1 4 mg , respectively Associated wnth the decrease in the serum 
bilirubin there w^as a corresponding decrease in the clinical evidence of 
icterus 

The effect of cholecystenterostomy and consequent reestablishment 
of bihar}^ drainage apparently varies with the duration of the obstruc- 

4 I^Iann, F C , and Bollman, J L The Relation of the Gallbladder to the 
De\elopment of Jaundice Follo^Mng Obstruction of the Common Bile Duct, J 
Lab & Chn Med 10 540, 1925 
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lion With obstiLiction lasting thiity days or longer, as in these experi- 
ments, there was no immediate change m the degree of bihrubmemia 
after the relief of the obstruction Spontaneous closing of the fistula 
made it impossible to study the efifect of long-continued drainage m 
such cases 

Bi omsulphalew — Bromsulphalem ° (the disodium salt of phenol- 
tetrabromphthalem disulphonic acid) was used in the present series of 
expel iments in place of the phenoltetrachlorphthalem previously studied 


Table 4 — Changes Obscived Following Ligation of the Common Duct and 
Cholecystectomy (Erpenment 4) 
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Ideation of common bile duct 
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* Interinittent obstruction 


The technic of the bromsulphalein test in dogs was the same as that 
used previously with phenolteti achlorphthalem The dye was injected 
intravenously in a dose of 10 mg for each kilogram of body weight, 
twice the dosage used for patients In thirty determinations on twenty- 
two normal animals we found that the greater part of the dye dis- 
appeared within fifteen minutes The usual readings of the percentage 
of dye present m the serum were between 10 and 22 after five minutes 
with an average of 17, between 3 and 14 after ten minutes, averaging 
8, and 6 or less after fifteen minutes Only traces of dye were found 


5 Rosenthal, S M, and White E C (footnote 3, second reference) 
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in the specimens of blood drawn an hour aftei its administration We 
have compared the results of the diifeient tests on the basis of the 
reading obtained fifteen minutes aftei the injection of the dye 

The changes in the hi omsulphalein test were qualitatively the same 
as those pieviously reported in the phenoltetiachloiphthalein test 
Retention of bromsulphalem in the blood stream of the dogs was not 
observed until the second or third day following ligation of the common 
bile duct The development of distinct retention usually coincided 
with the first definite appearance of bilirubin in the blood, both occur- 
iing f 10111 forty-eight to seventy-two hours aftei operation The 



Fig 5 (experiment 4) — Changes m bromsulphalem test, bile acid reading and 
serum bilirubin following ligation of the common bile duct Cholecystoduoden- 
ostomv was performed on the thirtj^-third day after obstruction 


amount of letention gradually inci cased, the maximal value being 
leached the second week Theieaftei the degree to which the broni- 
stilphalem was letained in the blood stieam fluctuated somewhat, but 
in geneial theie was marked and persistent retention of the dye 
When the gallbladder was removed at the time of the ligation of 
the common bile duct, retention of the dye was found within twenty- 
four hours after the operation Here, too, a close parallelism with the 
degree of retention of bile was observed The subsequent course of 
the two series of animals was identical Retention of the dye persisted 
following cholecystenterostomy and the reestablishment of biliary 
drainage 


SNELL El AL—TIJE LIVER 


481 


Bile Acids — The bile acids in the blood weie determined by the 
quantitative Pettenkofei leaction developed by Aldiich® The lesults 
aie lepoited in teims of milhgiains of glycochohc acid foi each bun- 
dled cubic centimeteis of whole blood The bile acids in the blood, so 
detei mined iiici eased maikedly aftei the pioduction of biliaiy obstiuc- 
tion This mciease was not maiked until the second oi thud day 
following ligation of the common bile duct alone Maximal values weie 
attained about the second week aftei obstiuction When the gallbladdei 
was lemoved at the time the common duct was ligated, the changes m 
the bile acid leading developed much moie lapidly The mciease was 
maiked within the fiist houi The amount of letention m the blood 
giadually became gieatei, maximal values being attained at the end of 
the hist week Theieaftei theie was a giadual letuiii towaid noimal 
In expeiiment 1, foi example, the bile acids letuined to the noimal 
value aftei fifty days of obstiuction They lemained at appi oximately 
the noimal level theieaftei, although the leadings weie much moie 
vaiiable than m a noimal dog In expeiiment 2, noimal leadings weie 
obtained the fifth week Theieaftei consideiable fluctuation was 
obseived, although the inci eases weie nevei so maiked as dm mg the 
week following obstiuction 

In expeiiment 4 the initial use in the Pettenkofei leading i cached 
a level of only 15 5 mg , then theie was a lapid fall Relief of the 
obstiuction had but little effect, and the values aftei waid fluctuated 
between 3 6 and 9 6 mg In expeiiment 3, on the othei hand, highei 
values weie obtained aftei the obstiuction Theie was an mciease 
to 30 8 mg the day befoie the cholecystentei ostomy and a lapid fall 
to 14 2 mg the day following The bile acid leadings m this dog 
lemamed continuously elevated even though the biliaiy flow was pai- 
tially leestablished lieie, too, the quantities in the blood showed 
gieat fluctuation 

Ehmwaiion of Bile Acuh — We have shown elsewheie the lapidity 
with which bile acids aie lemoved fiom tbe blood stieam aftei then 
timed intiavenous injection" In expeiiment 4 the dog was given such 
an injection of 200 mg foi each kilogiam each houi befoie the ligation 
of the common duct This expeiiment was lepeated aftei the obstiuc- 
tion was established fidie compaiison of the changes in the blood in 
tbe two expel iments (fig 6) shows not only that the bile acids m the 
blood weie more maikedly inci eased by this measuie, but also that 

6 Aldrich, Maltha Studies in the Metabolism of the Bile Acids I A 
Quantitative Pettenkofer Test Applicable to the Detei mination of Bile Acids 
in the Blood, J Biol Chem , in pi ess 

7 Snell, A M , and Greene, C H Studies in the Metabolism of Bile Acids 
III The Rate of Elimination of Bile and Its Constituents From the Blood 
Aftei Their Intravenous Injection, m picss 
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they were removed at a much slower rate than m the normal Such a 
change suggested the possibility of following the curve of elimination of 
the bile acids as a measure of the functional activity of the liver 
Commercial preparations of bile salts were used These were assayed 
and given intravenously in a dosage equivalent to 125 mg of glyco- 
cholic acid for each kilogram of body weight ® The solution was 
rapidly injected Samples of blood were then taken, five, fifteen, thirty, 
forty-five, sixty, and one hundred twenty minutes after the injection 
In normal animals the injected bile acids are rapidly removed from 
the blood stream Five minutes after injection the amount varied 
between 32 and 46 mg , at thirty minutes, between 10 and 23 mg , 
the normal value for the Pettenkofer reading was regained by the end 
of the hour 



Fig 6 — Rate of elimination of bile acids from the blood after their timed 
intravenous injection The normal curve and that obtained after the experimental 
production of obstructive jaundice are shown 

Following the production of biliary obstruction, there was increasing 
difficulty in the elimination of the injected bile acids from the blood 
stream At first (table 5) the bile acids failed of elimination within the 
usual time, and high readings were obtained an hour and two hours 
after the injection Later, not only was there great delay in excretion, 
but the whole level of the curve was also increased to nearly double 
the initial reading in one instance the amount in the blood five minutes 
after injection was 80 5 mg, and two hours later, 37 5 mg This is 
shown graphically in figure 7, which presents the changes in another 
animal 


8 Bledsoe, Mary Sue, Aldrich, Martha, and Greene, C H Studies in the 
Metabolism of the Bile 4cids IT The Estimation of Bile Acids in the Bile, 
J Biol Chem , in press 
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Although injections were made eveiy second or third day, theie 
was no evidence of an accumulation ot bile acids within the body The 
quantities injected weie apparently eiihei eliminated through the urine 
01 else destioyed The expeiiments of Brakefield and Schmidt® on 
the changes in the uiine following biliary obstruction demonstrate the 
uiinar}’- excietion of injected bile acids, and so support the formei view 

COMMENT 

The changes obseived in obstiuctive jaundice m this series of 
experiments confirm and extend observations made m our earlier paper 
The decrease in the blood urea, especially in relation to the nonprotem 
nitrogen in the blood, is definite although not marked 


Table 5 — Changes Obseived Following Ltgatton of flie Common Bile Duct* 
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♦E’cpenment not described 


The changes m the serum bilirubin during the first few days after 
obstruction of the common bile duct are detei mined largely by the 
presence or absence of the gallbladder, as recently stiessed by Mann 
and Bollman * We weie able to keep some of these dogs with com- 
plete biliary obstruction alive and in good condition for a considerable 
period After the fiist few weeks, such animals showed a gradual 
decrease and almost complete disappeai ance of the jaundice At the 
same time, theie was a gradual reduction in the serum bilirubin to a 
level of from 1 to 3 mg This reduciion is not due to inci eased renal 
elimination of pigment, foi Biakefield and Schmidt® have shown the 


9 Brakefield, J L, and Schmidt, C L A Studies on the Synthesis and 
Elimination of Certain Bile Components m Obstructive Jaundice, J Biol Chem 
67 523, 1926 
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gradual diminution in the urinary output of bilirubin in obstructive 
jaundice A similar condition is observed m patients In cases of 
obstructive jaundice of short duiation, as from carcinoma of the head of 
the pancreas, highei serum bilirubin values occur, as a rule, than in 
cases of long-standing obstruction, as from stone in the common duct 
There are numerous exceptions, but both the clinical and experimental 
evidence suggests that the production of bilirubin is decreased m conse- 
quence of prolonged biliary obstruction In some cases this may be 
related to the reduction m the hemoglobin, as suggested by Rous and 
Drury On the other hand, we do not feel that the hemoglobin 
content of the blood is necessarily an accurate index to the degree of 
phvsiologic wastage of corpuscles, or the sole controlling factor in 
pigment metabolism 



Fig 7 — Change m the rate of elimination of bile acids from the blood during 
the development of obstructive jaundice The bile salt solution was injected 
rapidly The figures indicate time in days after ligation of the common bile 
duct and removal of the gallbladder 

The changes m the bromsulphalem test conform accuiately to those 
previously obtained by the use of phenoltetrachlorphthalem In each 
case retention of dye developed to an extent apparently conditioned by 
the rate of development and degiee of the retention of the bile With 
long-standing obstruction, retention of dye was relatively more marked 
and did not decrease as did the bilirubin level in the serum The 
injection of bromsulphalem does not produce thrombosis of the vein 
as readily as does phenoltetrachlorphth.alein It also seems to be some- 
what more sensitive to slight changes m the liver , hence bromsulphalem 
IS preferable for routine clinical use 

The identification of bile acids in the blood on the basis of a colori- 
metric test such as the Pettenkofer reaction is open to ciiticism because 

10 Rous, P , and Drury, D R Jaundice as an Expression of the Physio- 
logical Wastage of Corpuscles, J Exper Med 41 601, 1925 
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this leaction is not wholly specific The presence of bile acids in the 
blood 111 obstructive jaundice has been accepted since the early experi- 
ments of Kuhne and Huppert More recently Perlzweig and 
Barron leported positive coloiimetric tests for bile acids in the blood 
of patients with obstructive jaundice, while Rosenthal and Wislicki^^ 
have obtained similar results with a modification of the ammo-acid 
determination of Fostei and Hooper These results, together with the 
accepted fact of the uiinary excretion of bile acids in this condition, 
furnish sufficiently direct evidence to justify our assumption that, in 
obstructive jaundice, the changes in the Pettenkofer reaction may be 
used as an index to changes m the amount of bile acids m the blood 

The bile acids m the blood, as determined by this method, increase 
temporarily after the production of biliary obstruction The amount in 
the blood may be increased for two weeks, but it then decreases, and 
the normal values foi the blood are giadually regained Malkoff,^® and 
Brakefield and Schmidt ° have demonstrated that the curve of urinary 
excietion of the bile acids m obstructive jaundice shows similar changes 
They point out that m this condition injected bile acids are largely, 
though not quantitatively, excreted in the urine They further point 
out that the urinary output of bile acids in animals with obstructive 
jaundice is only a small fraction of the normal or of that which a dog 
with a biliary fistula can synthesize From this they conclude that as 
a result of biliary obstruction there is a decreased synthesis rather 
than an increased bieakdown of taurochohc acid 

Our experiments are in agreement with this view The rapidity 
with which injected bile acids are removed from the blood stream of 
normal animals will explain their failure to appear in the urine m the 
control experiments of Brakefield and Schmidt Biliary obstruction 
and stasis promptly blocks the normal pathway of excretion, and 
injected bile acids then leave the blood at a much slower rate than 
normally In these experiments the amount injected was too small to 
cause peimanent retention If this was not completely excreted by the 
kidneys, the body was presumably able to destroy the excess It should 
be noted, howevei, that the injected bile salts were not without toxic 

11 Kuhne, W Beitrage zur Lehre vom Icterus Erne physiologisch- 
Chemische Untersuchung, Arch f path Anat u Physiol 14 310, 1858 

12 Huppert, H Ueber das Schicksal der Gallensauren im Ikterus, Arch f 
Heilkund 5 236, 1864 

13 Perlzweig, W A , and Barron, E G New Colorimetric Method for the 
Determination of Bile Acids in Blood, Proc Soc Exper Biol & Med 24 233 
1926 

14 Rosenthal, F, and Wishcki, L Ueber eine quantitative Bestimmung der 
Gallensauren im Blute, Arch f exper Path u Pharmakol 127 8, 1926 

15 Malkoff, G Zur Pathologic des Ikterus Ueber die Ausscheidung der 
Gallensauren durch den Harn, die Bauchwassersucht und einige andere Erschein- 
ungen bei der Gallenretention, Jahresb u d Fortschr d Thierchem 27 785, 1897 
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action, for animals so treated were not in as good condition and did 
not live as long as the other dogs in this series 

Reference should also be made to the biliary cirrhosis which devel- 
oped in all the dogs that survived for more than a few weeks The 
morphologic changes are too well known for especial comment The 
functional changes recorded serve to explain some of the difficulties with 
cholecystenterostomy in these animals In two dogs an attempt was 
made to relieve the biliary obstruction on the thirtieth and fortieth day, 
respectively In neither did the bromsulphalein test show improvement 
following cholecystenterostomy The serum bilirubin decreased a little, 
but the change was slightly, if any, more rapid than in those animals 
in which the obstruction persisted The bile acids rapidly return toward 
normal after relief of the obstruction This too may be related to the 
spontaneous decrease observed in all animals The extremely rapid 
fluctuations in the bile-acid level observed m experiment 3, in which 
there was a period of intermittent obstruction, suggest that they are 
rapidly removed from the blood with the reestablishment of the biliary 
flow Such an observation would be in harmony with the recognized 
normal rapidity of excretion of injected bile salts 

The development of ascites, collateial circulation and other evidences 
of portal obstruction which occurred in two animals in our series, as 
in the dog reported by Malkoff, is of much clinical and experimental 
interest The ascites seen in such long-standing obstructive biliary 
cirrhosis is related to the widespread proliferation of connective tissue 
around the biliary radicals in the portal spaces, with consequent obstruc- 
tion to the portal venous return Malkoff further postulates changes 
in the blood as an additional factor predisposing to ascites Mangels- 
dorf,^® Ford,^’' and Weber, have described the development of ascites 
in the terminal stages of biliary cirrhosis in consequence of continuous 
and prolonged biliary obstruction in man, and we have seen such cases 
These animal experiments furnish the counterpart to this clinical 
condition 

SUMMARY 

The effect of ligation of the common bile duct in dogs and the conse- 
quent experimental production of obstructive jaundice have been studied 
in more detail than was possible at the time of our original report 
It was possible to keep two dogs with complete biliary obstruction alive 
for more than three months In these dogs an extensive collateral 
circulation and ascites developed, thus providing an experimental 

16 Mangelsdorf, J Ueber biliare Lebercirrhose, Deutsches Arch f khn 
Med 31 522, 1882 

17 Ford, W W Obstructive Biliary Cirrhosis, Am J M Sc 121 60, 1901 

18 Weber, F P On Biliarv Cirrhosis of the Liver With and Without 
Cholelithiasis, Tr Path Soc London 51 103, 1903 
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counteipart of the advanced biliary cirrhosis seen clinically in association 
with prolonged biliary obstruction 

During the period immediately following ligation of the common 
duct, the changes in the blood uiea, seiuni bilirubin and the degree of 
retention of dye were similar to those previously reported The effect 
of the piesence oi absence of the gallbladder in determining such 
changes was shown to hold, not only for the bilirubin but also for the 
bromsulphalem test and for the bile acids m the blood 

The bilirubin content of the serum tends to decrease spontaneously 
111 the later stages of obstructive jaundice, piesumably due to a decrease 
111 the production of pigment With the development of cirrhotic 
changes m the liver the excietion of bilirubin apparently becomes 
increasingly difficult, and in two dogs cholecystenterostomy with 
tempoiaiy relief of the biliary obstruction did not significantly affect the 
level of bilirubin 

The changes m the bromsulphalem test weie m entiie agreement 
with those previousl}^ obtained with phenoltetrachlorphthalein The 
retention of dye in its development closely paialleled the degree of 
retention of bile Once retention was established, the biomsulphalem 
readings were relatively constant and its retention more persistent than 
that of eithei the bile acids or the bilirubin 

The intensity of the Pettenkofer leaction given by the blood 
increased lapidl}'- aftei obstruction The rate of accumulation of bile 
acids under these circumstances was detei mined by the activity of the 
gallbladder, as m the case of the bilirubin Later the readings tended 
to decrease, and letuined approximately to the normal value, indicating 
piobable failure of the synthesis of the bile acids The changes in the 
blood coi responded with the repoited changes in the urinary excretion 
of the bile acids We believe, therefore, that the changes in the 
Pettenkofer readings may be considered indicative of changes in the 
bile acid content of the blood 

Intravenously injected bile acids are lapidly removed from the 
blood stream of normal animals Thw elimination was interfered with 
in obstructive jaundice, and injected bile acids were retained in the 
blood stream, the degree of retention paralleling the changes in the 
other tests 

These experimental data are a counterpart of, and m agieement with, 
the changes observed clinically in obstructive jaundice and in biliary 
cirrhosis secondary to obstiuction of the bile passages 



NORMAL A^ARIATIONS IN WHITE BLOOD CELLS 
UNDER CONDITIONS OF MINIMAL 
METABOLISM =- 

RICHARD P STETSON, MD 

BOSTON 

The white blood cells of normal persons have been the subject of 
many and varied forms of investigation since they were first described 
in 1777 by Hewson ^ As a consequence, limits of normal have been 
established both for the total numbers per cubic millimeter of circulating 
blood and for the percentages of the t3fpes of cells comprising this total 
These nonnal limits har e been determined from observations made once 
on each of a group of healthy persons or from data obtained by repeated 
observations of the same person’s blood over a period of hours The 
influence of various physiologic processes on the white blood cell picture 
has also been studied extensively However, comparatively little 
information is available concerning the fluctuations of the nucleated 
blood cells that may occur over an extended period of time in a normal 
person Such obsen^ations as have been made appear not to have been 
conducted under conditions of minimal metabolism 

The fluctuations occurring dunng the day have been repeatedly 
studied Turk - considers, as do others, that the white blood cell count 
IS at a minimum in the early moniing, when the person is at complete 
rest and before the ingestion of food Then it may be below 5,000 cells 
per cubic millimeter, with a marked depression of polymorphonucleai 
neutrophils and a relative abundance of Ij^mphoc} tes, often amounting to 
from 30 to 40 per cent of the total and sometimes more Maunac and 
Cabonat® also found that the greatest constancy in the absolute and 
differential white blood cell count occurred in the early morning Like 
others, tliej record a marked fluctuation during the day Sabin and her 

* From the Medical Sen ice of the Colhs P Huntington Memorial Hospital 
of Har^ard Unnersitj This work was aided by a grant from the Proctor 
Fund of the Medical School of Harvard University for the study of chronic 
disease 

1 Hewson, William A Description of the Particles of the Blood in the 
Human Subject and in Other Animals with an Account of the Structure and 
Offices of the Ljunphatic Glands, of the Thjmus Gland, and of the Spleen, 
London, 1777 From the Works of William Hewson, F R S, edited bj’’ George 
Gulin er, Sjdenham Societj, 1846, p 251 

2 Turk, W Vorlesungen uber klinische Hamatologie, Wien, W Brau- 
muller, 1912, -^ol 2 

3 l^Iauriac, P , and Cabonat, P Contribution a I’etude des variations de 
la formule leucocjtoire chez I’homme normal. Pans med 11 407 (May 21) 1921 
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associates,^ in a systematic study of seveial persons over periods of 
horns, have demonsti ated a characteristic and approximately houily 
ihythm of the cnculatmg white blood cells which is independent of 
digestion or exercise They found that the total white blood cell count 
might vaiy as much as 100 per cent m the course of the day The 
highei A^alues weie obtained iii the afternoon and weie largely due to 
inci eases in the polymorphonuclear neutiophils Other types of cells 
showed chaiacteiistic, although less extieme, rhythmic fluctuations 
Somewhat similai obseivations have been lecorded by other inves- 
tigatoi s ^ 

Appreciable vaiiations m the absolute numbeis of white blood cells 
have been noted m counts of blood taken at approximately the same houi 
on successive days Spiethoff ® and Michailow ‘ reported that this 
variation was frequently as gieat as 2,000 cells per cubic millinietei 
The} found, howevei, that the percentage relationships of the various 
t}pes of cells weie remarkably constant and that no leciprocal relation- 
ship occurred between the polymoiphonuclear neutiophils and lympho- 
cytes Heintz and Welker,® on the other hand, showed a greater 
constancy in the daily total white blood cell count of twenty-two normal 
subjects whose blood was examined at approximately the same hour 
each moining soon aftei breakfast for a seven-day peiiod Their counts 
demonsti ated an aveiage daily fluctuation of only about 300 cells per 
cubic millimetei and a maximum difference of 1,600 per cubic mil- 
hnietei in ain one subject duimg the entire peiiod of obseivation 
These vaiiations aie haidly beyond those which may be accounted foi 
by probable error 

4 Sabin, F R , Cunningham, R S , Doan, C A , and Kindwall, J A 
The Normal Rhidlim of the White Blood Cells, Bull Johns Hopkins Hosp 37 14 
(July) 1925 

5 Spiethoff, B Besteht nach die Knegslymphocytose, Munchen med 
Wchnschr 69 1532 (Nov 3) 1922, Zur Methode der Blutuntersuchungen uiid 
Mitteilungen uber fortlaufende Blutuntersuchungen an Gesunden, Folia haemat 
32 325 (July) 1926 Kobryner, A La leucocytose physiologique chez Thomme, 
Compt rend Soc de biol 90 1475 (June 6) 1924, Uber den physiologischen 
Verlauf der Leukozytose beim Menschen, Deutsche med Wchnschr 50 1218 
(Sept 5) 1924, Physiologic Course of Leukocytosis in Man, Ztschr f klin 
Med 102 470, 1925 Glaser, F , and Buschmann, P Die Bedeutung der 
Spontanschwankungen der Leukozyten (besonders fur die hamoklasische Krise 
un die Verdauungsleukozytose), Med Klin 19 1144, 1923 Jimenez Diaz, C , 
Espejo, M , and De Avellancda, G Leukocyte Variation Curve and its Signifi- 
cance, Arch de Cardiol y Hematol 6 1118, 1925 Woronoff, A, and Riskin, J 
Ueber die Leukozytose bei normalen Menschen und Hunden, Wien Arch f 
inn Med 10 45 (April) 1925 

6 Spiethoff Footnote 5, second reference 

7 Michailow, F Die Schwankungen der Leukozytenzahl und Leukozy- 
tenformel im peripherischen Blute des Menschen und die Verdauungsleukozy- 
tose, Folia haemat 32 196 (May) 1926 

8 Heintz, E L , and Welker, W H The Effect of the Ingestion of Yeast 
on the Leukocyte Count, Arch Int Med 35 500 (April) 1925 
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It IS evident that the white blood cell formula is by no means a fixed 
latio, but may be subject to appieciable changes during the day and 
from day to day even under standard conditions In evaluating counts 
of the blood cells, one must appreciate not only the degree and kind of 
physiologic variations and the technical eiioi of the methods, but also 
tlie mathematical error arising from the numbers of cells counted This 
has been fully discussed recently b}’’ Brandt,® who allows a lange of 
about 30 per cent m the total white blood cell count as being the limit 
of “foituitous error ” Consistency in repeated observations must be 
considered significant, however, even in the absence of absolute mathe- 
matical certainty 

The piesent study was undertaken to observe any degree of constancy 
that might be obtained over an extended period of time in the daily 
total and dififeiential white blood cell count of normal persons undei 
conditions of minimal metabolism 

MATERIAL AND TECHNIC 

The subjects weie six healthy medical students in the third decade 
of life, who were living hygienically under comparative conditions 
Their blood was obtained m the morning before they got out of bed, 
except as noted below The blood of two (A and B) was examined 
appi oximately eveiy other day for six weeks in the late autumn, that 
of the others (C, D, E and F) was examined every day for ten days 
during the month of February Every other day for periods of weeks 
at diffeient times of the year, smears were also made of A’s blood imme- 
diately after he had arisen 

The blood for the white blood cell counts and cover glass smeais 
was taken fiom the finger of A and from the lobe of the ear of the 
other persons A minimum amount of manipulation was employed in 
obtaining the blood, and the same pipet and hemocytometer were used 
in counting each pei son’s blood Careful attention was given to follow- 
ing the 1 ecognized technic for an accurate count of the corpuscles and the 
preparation of evenly spread films of blood All enumerations were 
made by the same person Never less than 200 cells, usually 400 and 
sometimes more, were counted from the two coyershps made at one 
time to determine the percentages of the different types of cells Five 
classes of cells were recorded polymorphonuclear neutrophils, eosin- 
ophils basophils, lymphocytes (small, large and atypical) and mono- 
cytes Fragmented forms were not included The rare observations of 
certain immature foims Avere listed separately 

9 Brandt, T Ueber die Fehlerberechnung der hamatologischen Methoden, 
ein Beitrag zur kntischen Beurteilung der gefundenen, Werte, Folia haemat 
32 177 (May) 1926 
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Tables 1 and 2 summaiize the lesults of the white blood cell counts 
on the SIX students under conditions of minimal metabolism 

Chaits 1 and 2 illustrate giaphically the vaiiations m the differential 
and absolute enumerations of the white blood cells of student D The 
graphs for D are entirely compaiable to those for the other subjects, 
although some showed slightly moie and some less daily vaiiation m 
the counts 

T\ble 1 — Ten to Foul teen Daily White Blood Cell Counts of Sn Noimal Pei sons 
Unde) Conditions of Mviiinal Metabolism 


White Blood Polymorphonuclear Ljunphocytos 
Cells (*) Neutrophils (1) (t) Monocjtes 

JL A -JL ■ - - -- -A 


Individual 

/ 

Per 

Per 

Per 

Per 

Per 

Per 

Per 


Cu Mm 

Cu Mm 

Cent 

Cu Mm 

Cent 

Cu Mm 

Cent 

A. Av 

C.VOO 

3,090 

53 0 

2,219 

337 

018 

93 

Min 

5,000 

2,121 

40 5 

1,842 

29 0 

332 

5 0 

Max 

7,700 

4,750 

615 

2 584 

39 0 

840 

12 0 

B Av 

5,832 

3,084 

514 

2,183 

370 

459 

78 

Min 

4,800 

2,290 

45 0 

1,705 

29 5 

234 

45 

Max 

7,150 

3,080 

5S5 

2,800 

45 0 

793 

12 0 

C Av 

5,547 

2,845 

513 

1,838 

33 2 

630 

113 

Min 

4,975 

2,310 

40 5 

1,477 

27 2 

277 

55 

Max 

G,450 

3 775 

02 7 

2,300 

2,706 

40 7 

90S 

14 7 

D Av 

7,425 

3 720 

50 3 

30 4 

781 

10 5 

Mm 

5,125 

2,700 

44 0 

1,800 

297 

502 

85 

Max 

9,550 

5,110 

57 7 

4,020 

44 0 

1,048 

12 2 

r Av 

4,9S7 

2,723 

547 

1,002 

33 3 

500 

10 0 

Min 

4,050 

2,154 

50 5 

1,293 

302 

360 

80 

Max 

7,150 

3,010 

53 2 

2,573 

305 

780 

12 0 

F Av 

7,032 

3,451 

2,975 

45 3 

3,102 

418 

729 

95 

Min 

0800 

39 7 

2,312 

33 5 

527 

77 

Max 

9,023 

4,075 

55 0 

3,801 

48 0 

930 

110 


* While the maximum aanntion m no cn«c occurred bctuccn consecutive counts, there vras 
Iroqucntlj a \ ariation of 1,800 cells per cubic milhmctci from one dna to the next 

t For purposes of condensation, the values for poljmorphonuclear eosinophils and baso- 
phils have been omitted from this table The former varied betueen 0 and 5 2 per cent, the 
Inter between 0 and 3 I per cent llie averngos arc shoun in table 2 

# The large Ijmphocjtcs usuallj formed about 4 per cent of all the white blood cells 


Table 2 — Avciages and Eiti ernes of All Counts (62) on All S'lt Pei sons 


Polymorpho- 


White nuclear. 

Blood Neutrophils Bosinophils 

r!f>ii5 A » 



Per 

Per 

Per 

Per 

Per 


Cu Mm 

Cu Mm 

Cent 

Cu Jim 

Cent 

Av 

0,309 

3,216 

51 04 

148 

2 31 

Min 

4,050 

2,154 

39 75 

00 

000 

Max 

9,550 

5,110 

02 75 

407 

5 25 


Ba'-ophils Bjmphocytcs Monocytes 

A , ,A 


Per 

Per 

Per 

Per 

Per 

Per 

Cu Mm 

Cent 

Cu Mm 

Cent 

Cu Mm 

Cent 

55 

0 85 

2,294 

30 04 

009 

9 62 

00 

000 

1,293 

27 25 

234 

4 50 

241 

3 50 

1,020 

48 00 

1,048 

14 75 


Variations in the total white blood cell counts from day to day weie 
often greater than 1,000 and even as gieat as 2,400 cells per cubic 
millimeter The extieme vaiiation shown by any one person during 
the entile period of obseivation was 4,125 cells per cubic millimeter, 
while the least maximum variation was 1,475 A variation of 1,000 
per cubic millimetei in the number of white blood cells when the total 
number is about 7,000 is not mathematically significant However, 
variations occuiied greater than the mathematical error, and the con- 
stant fluctuation from day to day cannot be explained as due to technical 
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or mathematical errors The degree of these fluctuations in the numbei s 
of white blood cells undei conditions of minimal metabolism is not as 
great as has been obseived in relatively inactive peisons throughout 
the day 

The fluctuations m the total number of white blood cells was not 
dependent on any one type of cell, although the polymorphonuclear 
neutrophils perhaps owing to their greater fiequency, exerted the most 
apparent effect The percentage of polymoiphonucleai neutrophils was 
found to be considerably lower than the commonly accredited figures 
(about 60 per cent) for normal persons in this locality The values 



Chart 1 — Daily variations in the percentages of white blood cells in a 
normal individual (D) under conditions of minimal metabolism The solid line 
represents the total of white blood cells per cubic millimeter , the broken line repre- 
sents the percentage of polymorphonuclear neutrophils , the dotted line, the per- 
centage of lymphocytes, and the dot and dash line, the percentage of monocytes 

ranged fiom 39 7 to 62 7 per cent, the average for all counts being 
51 04 per cent If a deviation of 5 pei cent is allowed on either side of 
this average as due to “fortuitous error,” many of the variations shown 
b) these subjects are to be mterpieted as an actual change in the number 
of cells The same is true for the fluctuating percentage of lympho- 
cytes, vhich ranged from 27 2 to 48 per cent, the average being 36 04 
per cent The general trend of these figures is in accordance with those 
obtained by Turk - and others who have observed that before breakfast 
there is a smaller percentage of polymorphonuclear elements and a 
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gieatei peicentage of lymphocytes m the cii dilating blood than later in 
the day 

The fluctuations that occuired among the other types of normal 
white blood cells wei e slight and require no comment Myelocytes have 
been obseived occasionally in the blood of noimal persons as, for 
example, by Sabin and hei co-woikeis Such cells were found infre- 
quently 111 this senes of observations Atypical cells, apparently of 
lymphoid oiigm, weie encounteied on five occasions 

Chait 3, besides illustiatmg the daily fluctuations that occurred in 
the diflfeiential white blood cell foiniula of one peison (A), also shows 



Chart 2 — Daily variations in the absolute numbers of white blood cells per 
cubic millimeter under conditions of minimal metabolism The percentage values 
of the same counts are recorded in figure 1 The continuous hne m this chart 
represents the total of white blood cells per cubic millimeter, the broken line, 
the polj'inorphonuclear neutrophils per cubic millimeter, the dotted line, the 
lymphocytes per cubic millimeter, and the dot and dash line, monocytes per cubic 
millimeter 

the definite change obseived in the relative frequency of polymorpho- 
nucleai neutrophils and lymphocytes over a peiiod of months There 
was a slight, but consistent decrease in the peicentage of polymorpho- 
nuclear neutiophils with a relative increase of lymphocytes for a period 
of time in the autumn and eaily winter as compared with the values 
obtained in the late spring, summer and midwinter The period showing 
the highest aveiage percentage (63 24) of polymorphonuclear neutro- 
phils was m June At that time, the lymphocytes averaged 25 86 per 
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cent The lowest average percentage (47 8) of neutrophils occurred in 
December when the l 3 TOphocytes averaged 38 67 per cent This differ- 
ence in values appeal s to be of sufficient magnitude to be mathematically 
significant 

Exposure to the sun’s rays induces an increase of lymphocytes 
This can account for the increase in lymphocytes observed by Taylor 
in twenty-five of the thiity-eight peisons studied by him before and 
after they had spent a summer at Woods Hole, Mass The increase of 
lymphocytes recoided in white people in the tropics or in the Philip- 
pines may also be attributed partially to sunlight Thus, the effect 
of sunlight may be a seasonal factor m influencing the differential white 



Chart 3 — Variations in the percentages of the white blood cells of one indi- 
vidual (A) under conditions of minimal metabolism over a period of months The 
broken line represents the polymorphonuclear neutrophils, the dotted line, the 
bTOphocytes, and the dot and dash line, the monocytes The straight heavy lines 
represent tlie averages for the whole series of counts (74) The continuous curved 
lines connect the points representing the averages of the several periods 


blood cell count, but it seems unlikely that this is the factor lesponsible 
for the increase in lymphocytes noted during Decembei in the observa- 
tions recoided heie Alterations in the white blood cell formula during 


10 Clark, J H Action of Light on the Leukocyte Count, Am J Hyg 
1 39 (Jan ) 1921 Aschenheim, E Der Einfluss der Sonnenstrahlen auf die 
leukocjtare Blutzusammensetzung, Ztschr f Kmderh 9 87, 1913 

11 Taj lor, H D The Effect of Exposure to the Sun on the Circulating 
Ljmphocjtes in Man, J Exper Med 29 41 (Jan ) 1919 

12 Wallace, J B The Differential Leucocyte Count in a Sub-Tropical 
Climate, South M J 17 827 (Nov) 1924 Wickhne, W A The Effects of 
Tropical Climate on the White Race, Mil Surgeon 23 282, 1908 
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the vaiious seasons of the yeai are of inteiest to speculate on, but the 
relatively scanty data at hand and the lack of other similar observations 
preclude drawing conclusions 

It is known that ingestion of lecithin will produce a transient lympho- 
cytosis,^^ while a relatively high peicentage of lymphocytes is not rare 
in obese pei sons The question thus arose as to whether a diet rich in 
fat could maintain the peicentage of lymphocytes at a relatively high 
level In an effoit to answer this question, subject A took a daily diet 
consisting of fat, 190 Gm , protein, 86 Gm , and caibohydrate, 200 Gm , 
foi nine days in June and for five days m December This diet con- 
tained appi oximately twice the amount of fat eaten during the other 
periods of obseiwation Although not deliberately chosen, it hap- 
pened that the diet rich m fat was taken during the peiiods when the 
average of lymphocytes was at a low level (June) and at a high level 
(December) Howevei, the diet as taken did not lesult in any increase 
of lymphocytes attributable to the fat This negative obseivation by no 
means precludes the possibilit}’’ that a diet rich in fat taken for a long 
period of time may induce an mciease of lymphocytes in certain people 

SUMMARY 

The white blood cells of six normal peisons under conditions of 
minimal metabolism were studied daily for ten days and the white blood 
cells of one of these persons weie observed frequently in each of several 
months of the year 

The following conclusions aie i cached 

1 The polymorphonuclear neutrophils were fewei and the lympho- 
cytes greater than usual during the day The avei age percentage of the 
former was 51 04 and of the latter, 36 04 

2 Daily variations in the white blood cell count were beyond the 
limits dependent on technical or mathematical errois Each type of cell 
shared m the fluctuations 

3 The average percentage of polymoiphonucleai neutrophils and 
lymphocytes maintained different levels during different periods of 
the year 

4 Immature cells of both myeloid and lymphoid oiigin were encoun- 
tered rarely 

13 Bam, William The Pharmacology and Therapeutics of Lecithin and 
Phytin, Lancet 1 918 (April 6) 1912 

14 Caro, L Blutbefunde bei Adipositas, Berl klin Wchnschr 49 1881 
(Sept 30) 1912 
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This paper deals chiefly with a report of chemical and physico- 
chemical observations on mineral springs We shall attempt to demon- 
strate that, through the discovery of new methods, the study of mineral 
springs has entered a new epoch Long before the development of 
quantitative chemical analysis, mineral springs were empirically 
employed, with good results, in the treatment of many diseases New 
aspects manifested themselves, however, when the chemist began to 
analyze the springs and to establish the nature and quantity of the 
salts contained in them At first, natuially, chemical analysis was not 
well developed, and it was difficult, therefore, to demonstrate with 
certainty the presence of minute traces of elements In this connection 
it IS of interest to note that salt springs in Austria, which were tradi- 
tionally known as “goiter-waters,” appeared to contain only common 
salt until modern analytic chemistry showed that they also contained 
the therapeutically active iodine There are many cases known in 
which man’s instinct first found the remedy, while science, with its 
exact explanations, lagged behind The classic example of this in 
balneology is the early recognition of curative springs which seemed 
to contain ordinary drinking water, but which later, after the discovery 
of radium, proved to be strongly radioactive 

SIGNIFICANCE OF TRACES OF ELEMENTS IN BIOLOGIC PROCESSES 

In these examples we are confronted with the remarkable fact that 
the active substance of a curative water may be present in extremely 
small amounts, and that often only slight traces of a substance suffice 
to bring about profound biologic changes in animals and in man Eveiy 
thinking physician who would keep abreast of modern science must be 
conversant with the idea that amounts of substances which are haidly 
weighable and perhaps often only spectroscopically detectable are 
capable, under certain circumstances, of exerting great biologic effects 
and are therefore, of therapeutic significance In this respect, modern 
research on vitamin has taught us much that is astonishing 

■^From the Laboratories of the Rockefeller Institute for Medical Research 
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There is a broad and still virgin field in the investigation of the 
biologic action of the numeious substances in natural mineral waters, 
many of which aie piesent only in tiaces In the latter class is iron, 
an element widely distributed m nature Iron often accumulates in 
considerable quantities in mineral springs, thus, the Moritz spring in 
Bad Elstei, one of the strongest, iron-carbomc acid springs, contains 
26 mg of iron per liter ^ The question of the role of iron m metabolic 
processes has acquired increasing importance in recent years The meta- 
bolism of iron IS more complicated than was formerly assumed, for con- 
trary to other inorganic substances, resorbed iron is not carried directly to 
the site of Its utilization, nor IS waste iron directly eliminated Stoies of 
this element exist m the spleen, liver and bone marrow In iron-free 
nutiition, serious anemia does not occur until from the second to the 
fourth generation Long before the chemical determination of iron 
in mineral waters, these weie successfully employed as remedies for 
anemia The blood contains non as an integral constituent, and by 
means of this element binds the oxygen of the air and transports it, 
appaiently in mildly activated condition, to the sites of its utilization 

Respiiation, which many physiologists designate, m concordance 
with Barnes, as “energesis,” is, according to the new physiologic point 
of view, the most important of metabolic processes in the human organ- 
ism According to Waiburg, iron is indispensable to respiration 
Further, iron together with magnesium-containing chlorophyl is the 
transportei of solar eneigy in the reduction of carbonic acid by green 
plants — that fundamental, hfe-sustaining process of our planet The 
oxidation of ferrous bicarbonate to feme caibonate can serve as a 
source of energy for those lower plants which assimilate carbonic acid 
chemosynthetically 

These few examples should suffice to illustrate the great significance 
of iron 111 biologic processes From a purely chemical and physical 
point of view also, iron is distinguished from all othei elements par- 
ticulaily by its complex spectrum which signifies a large number of 
electron shifts, and further, by its special magnetic behavior Of the 
many chemical peculiarities of iron, the one that interests us here 
above all is the catalytic properties of the metal, its salts and oxides 
In our own research the catalytic pioperties of the iron dissolved m 
mineral waters were studied, and we shall leport the lesults of our 
investigation in this article 

Before we describe our new experiments and discuss the significance 
of the constitution of a salt m relation to its catalytic and biologic 
properties, we shall first analyze, m a general way, the conditions oi 

1 Leidner, Tustus Dissertation, Berlin, 1916 Bickel, Adolf , Gleidmann, F , 
and Taslakowa, T Ztschr f d ges exper Med 54 87, 1927 
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forms in which the individual constituents of so complex a salt mixture 
as a natural mineral water can theoretically come into play The 
inorganic substances can occur m various states, and the following 
classifications may be used as a guide 

1 Ions (electrically charged atoms of the elements) 2 Complex- 
ions (in the Werner sense) 3 Undissociated molecules - 4 Colloidal 
particles (unspecific surface action) 5 Submicroscopic crystals 
(specific surface action) 

BIOLOGIC ACTION OF ELECTROLYTES AND ITS RELATION TO 
THE ACTION OF MINERAL WATER 

An enormous amount of experimental work has been done on the 
relation between inorganic ions and healing action This extends to the 
electrolytic colloid-chemical action of the salts dissolved in mineral 
waters It is an interesting fact that for the optimum of life and its 
functions a definite ratio of sodium, potassium and calcium is necessary , 
from sea water to the blood of man this ratio is maintained at 100 2 2 
A fundamental experiment on the significance of dissociated salts, 
the electrolytes, was made, as is well known, by Jacques Loeb, in which 
he showed that individual electrolytes were toxic to living organisms 
Not only the sodium, calcium, magnesium and iron salts, however, 
but also the numerous rare electrolytes of the body take pait in the 
metabolic mechanism We still know too little of the action and 
significance of the many individual ions It has been established, how- 
ever, that the electrolytes play a part m determining the constitution of 
man, and that in the cooperation of many electrolytes is to be sought 
one of the fundamental curative factors in the therapeutic use of mineral 
springs The use of drinking cures stands preeminent in the possibility 
that It offers of administering to the human body sufficient quantities 
of electrolytes in a dissociated state and in combination with many other 
ions By means of baths, too, ions such as calcium can be brought 
thiough the skin, as Wermel has recently shown Thus, for example 
the waters of Franzensbad and Nauheim, the world famous heart baths, 
contain, besides traces of iron, large quantities of calcium, they are 
supersaturated with carbonic acid and are also radioactive The famous 
American springs at Saratoga are no less valuable, and they were 
chosen by us for experimental material 

COAIPLEX COMPOUNDS AND WERNER’s THEORY 

While, as has been briefly stated in the foregoing, we aie relatively 
well orientated, as a result of rich experimental material, with regard 
to the ph}Siologic action of the simple electrolytes in mineral waters, 

2 For instance, as has been shown [Miss Marian Irwin, the dyestuff 
brilliant cresol blue penetrates into the living cells of Vitella in the form of the 
undissociated molecule (J General Ph 3 'siol 9 S61, 1926) 
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oui knowledge of the question of the formation and balneologic action 
of complex ions has not yet been analyzed So complicated a salt 
mixture as natural mineral water, which also contains the complex- 
foiming caibonic, silicic and bone acids, is piedestmed to form more 
01 less stable complexes The formation of complex ions stands m 
intimate relationship not only to resorption and assimilation, but also 
to the general biologic action of the physiologic metals Befoie we 
go into the question of the existence of complex ferrous compounds 
in the Saiatoga springs, we shall present a brief explanation of Werner’s 
theory,^ which, as is well known, foims the basis of inorganic structural 
chemistry Weriiei’s new conceptions of valence and his new interpre- 
tation of the stei eochemistry of inorganic compounds will undoubtedly 
prove to be of the greatest value 

In Older to explain Weinei’s ideas of valence in a few words, we 
shall choose as an example a t3^pical so-called complex salt, namely, 
potassium ferrocyanide In this salt K4Fe(CN)(5, there are present, on 
one hand, linkages (between non and cyanide radicles) which, when 
the salt passes fiom the crystalline state to the dissolved state, remain 
unchanged, and, on the other hand, linkages (between [Fe(CN)c], and 
the potassium atoms) which aie uiptured by the action of the sol- 
vent with the formation of potassium ions and ferrocyanide ions 
(Fe(CN)o which undergo ionic migiation as distinct individuals 
These ions can lecombine spontaneously with the restoration of the 
K4Fe(CN)(5 lattice We thus establish the existence of two types of 
linkage which differ markedly in their behavioi One type resists the 
change m state on going into solution, while the other type on going 
from the solid state into aqueous solution is broken down by the solvent, 
with the result that the individual ions from the ionic lattice come into 
evidence 

STRUCTURE OF INORGANIC COMPOUNDS AND THEIR RELATION 

TO BIOLOGIC PROCESSES 

Since the mtioduction of the classic dissociation theory ( 1886 ), the 
biologic interest in oidinary inorganic salts has geneially been limited 
to the action of the simple ions which are formed in solution This 
limited point of view involves only the principal valencies and neglects 
entirely the auxiliaiy valencies which are exerted m the formation of 
complex compounds to which gieat biologic significance must be 
attached In calcium chloride, for example, calcium and chloiine are 
joined by so-called principal valencies Besides the principal valencies, 
however, the calcium possesses six auxiliary valencies, which are able to 
link atoms, molecules, groups oi radicles, the calcium itself forming the 

3 Werner, A Neuere Auschauungen auf dem Gebiete der anorganischen 
Chemie, AufI 4 
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coordination center Thus, to give only one example, the calcium in 
calcium chloiide (CaClo) can still link coordmately four pyrocatechol 
and two methyl alcohol molecules, with the formation of the following 
complex salt 

r(CcH.(OH).).-l 

Ca Ch 

|_ (CH^OH): J 

A complex calcium phosphate forms the principal constituent of 
the mineral substance of bones and teeth It has been shown only 
recently that the widely occurring mineral apatite [CaCOg 3 Ca 3 (P 04 ) 2 ] 
IS identical wnth the calcium phosphate complex in the bones, not only 
in Its chemical composition, but also in its submicroscopic structure 
(crystal architecture) In most mineral waters we find calcium 
carbonate besides small amounts of calcium phosphate, silicic acid and 
bone acid We cannot consider mineial water, which contains so com- 
plex a mixture of salts, simply as a mosaic of the individual 
constituents, but must keep the idea before us that even liquids have 
a definite structure, in a certain sense, that is to say, affinities come 
into play between the substances in a solution and the watei molecules 
thereof wheieby inorganic molecules of definite structuie are created 
Water plants or sea animals are adapted to the structure of the liquid 
surrounding them in an exceedingly sensitive manner In biologic 
fluids, moreover, the con elation between the dissolved substances is of 
greatest significance They stand to each other in demonstrable physico- 
chemical relationships, from which it results that the resorption of a 
substance from a solution is different, depending on whether it is 
present alone in solution or in company with others Foods, too, act 
reciprocally, that is to say, each contributes to the assimilation of the 
other Therefore, substances which are present only in small amounts 
become of the greatest importance because of these affinities, that is, 
by means of the formation of more or less stable complexes Thus, for 
example, Spiro has shown that the boric acid occurring in the water 
of Baden (Switzerland) is easily resorbed, because it is of itself 
lipoid-soluble and readil)'- forms complexes the physiologic behavioi 
of which deseives special attention 

We see from these examples that the physiologic action of a mineral 
spring cannot be judged from its chemical analysis The recognition 
of this fact, however, does not by any means exhaust the biologic 
variability of a salt mixture Fresh mineral water is crystal clear, in 
contact -vMth air, however, a precipitate of originally dissolved material 
sooner or later separates from it Well known examples are the 
pi ecipitation of aragonite from the hot Carlsbad springs and of iron 


4 Spiro Schweiz med Wchnschr 45 1021, 1926 
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compounds fiom iion-contaming spiings We speak, in general, of the 
aging of a spiing Saratoga watei, for example, becomes opalescent 
111 contact with air m the comse of minutes, and theieby loses important 
catalytic propeities conceinmg which we shall leport m detail later 
It IS seen that by the contact with an and with the escape of caibon 
dioxide and othei gases from the clear solution, a solid substance 
sepal ates itself fiom the water It is only in exceptional cases that 
nature produces a solid substance without at the same time giving it 
a specific form, a stiuctuie, which on its own pait influences the 
chemical behavioi of the substance Consequently, we must direct our 
attention towaid the foimation (building up of the structure) of 
a solid substance as a lesult of its oiigmation and transfoimation 
processes, as well as towaid the mechanism by which its foim serves 
in the course of chemical piocesses 

A definite piocess of formation leads to a definite structuie, and 
the physiologic action of an inoiganic salt depends, as we have found, 
much moie on its constitution (inorganic structuie) than on its chemical 
composition Thus, one and the same substance (FeoOg) in forms of 
different structures appears to act like two diffeient chemical indi- 
viduals® In the foimation of colloidal piecipitates theie are two 
factors, designated by Haber as aiiangement and heaping velocities, 
which play an impoitant idle These are not of invariable magnitude, 
but depend on the nature of the substance and on the external conditions 
If we appl) these relationships to the mineral water question, foi 
example, to a spiing that contains large amounts of dissolved calcium 
caibonate, then it uill depend on the conditions mentioned whether oi 
not the labile fi calcium carbonate fiist sepaiates out and then goes ovei 
into the moie stable foim (aiagonite) Although both caibonates have 
the same chemical composition, it is justifiable to assume, on the basis 
of the investigations of Welo and Baudisch, Webster and Baudisch, 
and of Bickel and his co-woikeis, that the physiologic action of the 
two can be diffeient, depending on whethei the one or the othei is 
requiied for assimilation This is tiue, fiist, because of the diffeient 
solubilities and the closely i elated lesoiption and assimilation of the 
two substances , second, m consequence of the difference m the 
topogiaphy of the ciystal sui faces and the closely related development 
of catalytically active atomic heaps (Tayloi) oi activated atoms, and 
thud, in consequence of their diffeient eneigy contents Just as 
amoiphous caibon, diamond and graphite have diffeient energy con- 
tents which manifest themselves in the heat of combustion of these 
substances, so also must /x calcium caibonate (hexagonal), aiagonite 
(rhombic), and calcite (ihombohedial) possess different energy con- 


5 Welo, L A, and Baudisch, 0 Science 52 311, 1925 
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tents In the one case, graphite presents the form which contains the 
least energy and is most stable, and in the other case it is calcite It 
must be particularly noted here, not only that the three calcium 
carbonates evidence macroscopic crystallographic differences, but also 
that, according to Wyckoff,® the atoms of these substances possess 
different spatial arrangements and therefoie different roentgen-ray 
spectrograms Such facts seem to point out that in the modern investi- 
gation of the physiologic action of mineral springs and of inorganic 
salt mixtures m general, roentgen-ray spectroscopy is a new and not 
to be underestimated tool By means of our roentgen-ray spectroscopic 
investigation of the so-called active and inactive iron oxides and their 
use as biologic catalyzers, the fact has been brought out that we must 
also consider the action of mineral salts biodynamically In general, 
undoubtedly, the specific structure of inorganic salts and their changes 
in structure are bound up with life processes just as closely as is the 
structure of organic compounds 

In connection with the influence of light on simple inorganic com- 
pounds, we shall again speak of the Werner conception of valence, first 
setting down the following principles We differentiate between electro- 
valence and coordination valence In the former, we conceive that 
electrons of the outermost shell are transferred to the corresponding 
shell of another element These are the valence electrons, and the 
forces involved are electrostatic — that is, we are dealing simply with the 
transfer of negative electricity In coordination valence we know foi 
a certainty today that not only purely electrostatic forces come into 
play, at least in the transition elements The binding electrons which 
unite various radicles with a central atom do not he on the outermost 
shell, but may come from deeper lying shells Thus it happens that 
metallic atoms such as cobalt and nickel, which are similar with respect 
to their valence electrons and, therefore, with regard to their ordinary 
ionic reactions, have completely different properties in certain complex 
ions The radicles bound to the central atom can often change the 
electronic aichitecture of the central atom most strikingly^ 

DETERMINATION OE THE CATALYTIC ACTIVITY OF FRESH 
AND BOTTLED SARATOGA WATERS 

In connection with the foregoing, we have been particularly inter- 
ested in the catalase action of the pentacyano iron compounds As 
will be seen from chart 1, the hydrogen ion concentration strikingly 
influences catalase action Besides this catalase action, ordinary iron 

6 Wyckoff Am J Sc 10 325, 1925, Ztschr f Kryst 61 525, 1925 Rinne, 
r ibid 60 55, 1924 Heide, F Centralb! f Min, 1924, p 641 

7 Welo and Baudisch Valence Theories and Magnetic Properties of Com- 
plex Salts, Nature 116 606, 1925 
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salts, and pai ticularly ceitain complex iron salts, possess a strong 
peroxidase action In order readily to demonstrate this peroxidase 
action we employed the benzidine hydrochloiide — hydrogen peroxide 
(blue), the toluidme — hydiogen peroxide (gieen), the guaiac resin — 
hydrogen peroxide (daik blue), or the phenolphthalein (pmk) color 
leactions To detect feirous non, we used the ammonium salt of 
orthonitrosophenol,® which gives a beautiful green color with divalent 
iron even in gieat dilution Fresh Saratoga water gives all these coloi 
reactions biilhantly Our attention and inteiest in mineral water was 
directed fiist towaid its catalytic activity, and m the experimental pait 
of this article are piesented the lesults of a study of the catalytic 
activity of the Saratoga spiings 

We have considered it necessary to give a thorough theoietical 
intioduction, since we wish to demonstrate to the progressive thinking 
medical world and to the cultuied laity that the whole armor of the 
modem valence theory and electron theory is required to understand that 
a new epoch in mineral watei therapy is at hand — not only in mineial 
water therapy, but also in mineral metabolism It is not, as was 
formerly believed, the ash analysis which informs us as to the assimila- 
tory value and significance of the physiologic metals, but rather the 
structure of their salts in the living protoplasm The stiucture, how- 
ever, varies with the environmental air, light, climate, season, geologic 
nature of the soil, soil bacteria, composition and stiucture of the spring 
water, nutrition and othei factois Up to the piesent, investigations of 
the physiologic action of inorganic salts have been chiefly concerned 
with the action of the simple ions, potassium sodium, calcium sulphate, 
and chlorine, while no attention has been paid to their recipiocal action 
and to the formation of complex ions In studying the action of 
mineral water, we must pay particulai attention to this intei action and 
to the formation of complexes, since we are dealing with a complicated 
salt mixture In this connection we can best compare mmeial watei 
with sea water to which, as we have already noted, inhabiting plants 
and animals are most delicately adapted This adaptation, howevei, 
not only runs paiallel with the chemical composition of sea water, 
but also harmonizes completely with the varying physical conditions 
(pressure, light, oxygen supply and other factors) which are met m 
the depths It may be assumed, theiefore, that mineral water, too, 
which IS under enormous gas piessure, will have biologic properties 
different fiom those of surface water It is oui hypothesis that 
mineral water suddenly forced to the suiface may retain its distinctive 
physicochemical propel ties for a short time This can explain the 
special activity of water at the spring in contrast to aged water — a fact 

8 Baudisch, Oskar and Karzeff, Nikolaus Ber d deutsch chem Gesellsch 
45 1164, 1912 
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which has been known for a long time Methods aie still lacking for 
demonstrating chemically or physically this short-lived condition of a 
mineral water, yet the researches made by Haeitl on water taken at 
great depths by means of his new deep-sampling apparatus without 
diminution in gas pressure, give piomise of lesults in this direction 
We, therefore, hold to our former idea® that the water coming from 
great depths may possess particular propel ties which it loses at atmos- 
pheric pressure The foregoing conception does not contradict the 
recent publication of Fresenius on artificial mineral waters and the 
direct imitation of natural springs 

Our own expeiiments with Saratoga water indicate that the ability 
of a water to maintain its activity m bottles depends to a gieat extent 
on the depth from which the water is drawn and on the geologic strata 
from which it comes The mere fact that, in a ceitain sense, mineral 



Chart 1 — The results of experiments on the catalase action of sodium amino- 
pentac 3 ano ferroate, NajFeCNsNHs In each case 10 cc of O 356 molar hydro- 
gen peroxide was combined with 01 millimol of the iron salt and the evolution 
of 0 X 1 gen followed as described by Baudisch and Davidson J Biol Chem 71 
501, 1927 

waters possess a structure of which its action is a function, shows 
that we cannot make any generalizations regarding physicochemical and 
biologic properties of mineral wateis of a diffeient locality The 
influence of depth and the significance of radioactive substances m the 
catalytic and biologic piopeities of mineral waters forms, however, 
anothei study, and will not be dealt with further in this paper 

With regard to the chemical and physical natuie of the solid 
precipitated constituents of mineral waters, previous investigators have 
indicated only its colloidal nature and have quantitatively related the 

9 Baudisch, O , and Welo, L Naturwissenschaften, Berlin 13 755, 1925 

10 Fresenius, L , Eickler, A , and Lederer, H Ztschr anorg Chemie 160 
273, 1927 
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Size of particle with catalytic activity We state, on the contrary, that 
on the basis of the analogies mentioned, the structure of the precipitated 
submici oscopic ci3fstals must be of the greatest importance In the 
calcium caibonate and iron oxide examples we have noted that in one 
and the same compound it is possible to obtain different lattice arrange- 
ments of the atoms in the molecule and, thereby, substances with sur- 
faces of different catal}tic activity We shall go still further and show 
that even with the same lattice arrangement different substances can 
be obtained when, as a result of the method of formation, one sub- 
stance has a perfect lattice while the other lattice structure is not 
completel}' developed so that strains in the crystal ensue In the case 
of charcoal, Ruff has introduced the concept of active and inactive 
carbon The former contains atoms which are not members of the 
lattice structure, and which bring about the occurrence of so-called 
lesidual affinity If, therefore, we desire to produce crystals with 
active sui faces, we must direct the empiiic prepaiative methods toward 
obtaining an incomplete lattice structure or loosening a peifect one 
It IS clearl}’- demonstrated, then, that the concept of activity must 
be connected not only with the size of the crystal, but also with the 
quality of its development Our researches on iron oxides have led us 
to similar results With the ferromagnetic magnetites, hysteresis 
measurements are sufficient to demonstrate directly that crystals which 
are formed quickly and which have no time to grow manifest an 
internal strain which disappears on heating to red heat The reactivitv 
of such a strained magnetite, and of the “active” iron oxide derived 
from it, is considerably greater than that of an unstrained sample in 
which cr3^stals weie formed slowty 

We have discussed the simple iron compounds studied by Baudisch 
and Welo at some length in oi dei to develop and explain the 
principal theme of this work, namely, the significance of the structure of 
simple inorganic compounds in relation to their biologic action While 
our previous knowledge of iron and aluminum hydrates has been 
limited to molecules containing one atom of the metal [Fe(OH)3 and 
A 1 ( 0 H) 3 ], the recent investigations of Willstatter show that 
aluminum forms hydrates in which several atoms of the metal are 
bound together by ox3'gen bridges The selectivity of these structurally 
different aluminum Itydrates is a most baffling phenomenon 

It IS interesting that among the iron minerals, several hydrates are 
found m which the composition is identical 2Fe203 SHoO (xantho- 
siderite, limonite and other minerals), but in which the chemical and 
physical properties aie different There is a new and fertile field of 

11 Welo, L A , and Baudisch, O Philosoph Mag 50 399 1925 3 396 1927 

12 Willstatter Ber 57 58, 1924 



506 


ARCHIVES OF INTERNAL MEDICINE 


work for the biochemist in the study of structural diffeiences of 
inorganic compounds by biologic methods Such a study would be the 
basis for the scientific investigation of the therapeutic action of mineral 
spiings The answer to the question — Can a fresh natural mineral 
water be artificially reproduced^ — is thus self-evident Only the most 
exact biologic methods can convince us that our experimental efforts in 
this direction have succeeded 

In conclusion, we may say that the present state of scientific mmeial 
watertherapy is analogous to that in which the science of femientation 
found itself fifty years ago 

Many and vaiied processes of feimentation became known during 
the centuries chiefly as a result of empirically established principles 
which, however, were supported by the observations of outstanding and 
critical observers When, however, the cause of fermentation was 
found to be an oiganism of one cell and all the knowledge of chemistry, 
physics, physiology and other sciences began to be utilized, it was pos- 
sible to put many of the empiric observations on a scientific basis In 
this way control was gained over certain biologic processes which pievi- 
ously had to be left to chance 

But here, just as m bacteriology (m which it was originally thought 
that bacteria alone are sufficient to cause disease), there were disillu- 
sionments While the splitting of sugar was at first ascribed to the 
metabolism of a single cell organism, the researches of Buchnei over- 
threw this apparently well established fact and made the activity of 
enzymes known Recently, however, the great significance of the unim- 
paired living cell structure in quantitative fermentation has been 
demonstrated 

The concept that the structure of a reacting substance is of signifi- 
cance IS penetrating further and further into biology In the present 
work, we have developed the new idea that the structure, and not alone 
the chemical composition of simple inorganic salts, is important in the 
couise of certain biologic processes 

A systematic study in this direction should be just as fruitful for the 
problem of mineral springs as the discovery of the cause of fermenta- 
tion was to that science The action of mineral water is not merely due 
to the effect of a complex salt solution, for we know that we must also 
consider the source of the spring — one might almost say the geology and 
mineralogy of the spring — in order to understand completely its thera- 
peutic action 


13 Webster and Baudisch J Exper Med 41 473, 1925 Kohlschutter, Von 
Die Form des Stoffe im chemischen Vorgang Naturwissenchaften, Berlin 11 865, 
1923 
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EXPERIMENTAL WORK 

Quahfafive Investigations — For oui research the most accessible 
spiings weie those of Saiatoga in the state of New York Saratoga 
possesses numeious spiings, but the piesent investigation has been 
limited to those known as Geysei, Coesa and Hathorn No 2 Before 
desciibing our expei imeiits, we shall give a brief sketch of the geology 
of the Saiatoga district 

The geneial geologic condition existing over the whole Saratoga 
tiiangle, which takes m a teiiitory about 4 miles squaie, is as follows 
drift, giavel, clay, shale, siliceous limestone, dolomite strata and sand- 
stone The thicknesses of these various stiata are slightly different in 
the different localities, and at times we find duplications of the strata, 
due to the upheaval of the west Side of the fault 


Table 1 — CJuiiiical Analyses of Mvicial JFafeis at Satatoga Spungs, N Y ^ 


Chemical Combinations 

Hathorn 

No 2 

Coesa 

Geyser 

Ammonium chloride 

76 49 

28 68 

45 88 

Lithium chloride 

75 59 

44 27 

24 22 

Potassium chloride 

896 28 

506 07 

260 77 

Sodium chloride 

10,569 88 

5,558 32 

2,387 19 

Potassium bromide 

72 00 

20 00 

16 00 

Potassium iodide 

2 80 

2 40 

80 

Sodium sulphate 

Trace 

Trace 

Trace 

Sodium metaborate 

Trace 

Trace 

Irace 

Sodium nitrate 

Trace 

Trace 

Trace 

Sodium nitrite 

Trace 

Trace 

Trace 

Sodium bicarbonate 

1,294 85 

614 48 

2,047 79 

Calcium bicarbonate 

3,721 64 

2,508 06 

1,718 65 

Barium bicarbonate 

38 88 

34 31 

16 88 

Strontium bicarbonate 

Trace 

Trace 

Trace 

Ferrous bicarbonate 

14 27 

19 62 

14 27 

Magnesium bicarbonate 

2,720 27 

1,631 42 

851 72 

Alumina 

23 59 

3 19 

1 59 

Silica 

9 80 

9 80 

13 40 

Total 

19,516 34 

10,980 62 

7,399 16 


* Made bj Reser\ation Chemists for the State Reservation at Saratoga Springs 

* The results of the analyses are expressed in milligrams per liter The waters of all the 
springs are at normal atmospheric temperature and pressure, supersaturated with carbonic 
acid gas 

At the Coesa spring, we find no drift, gravel or clay, the rock is 
practically on the surface m this neighborhood, as there are about 9 
feet of casing m the seal The well itself is drilled to a depth of 420 
feet There is a seal in the well at 376 feet, at which point the water is 
taken m a quantity of about 15 gallons a minute 

The Geyser spring has but little casing m it, the depth of this is 
unknown, as we have no record giving us these particular data, but the 
rock at this point is also close to the surface This surface rock is com- 
posed of shale, both m the Geyser district and in the Coesa district 
The Geyser spring is bored to a total depth of 144 feet, the seal is at 
131 feet, from which point the water is taken m a quantity of about 3 
quarts a minute 
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All of the waters of Saratoga Springs are found in the dolomite 
strata In the case of the Geyser spring, the dolomite is found just 
under the shale, while in the Coesa spring there are seveial layers of 
siliceous limestone superimposed on the dolomite strata It has been 
found to be a general experience in Saratoga that wherever most of the 
bore is located through shale rock, the waters are high m bicarbonate of 
soda, and that wherever less shale is present and the gi eater part of the 
depth of the bore is located in limestone, the waters are more saline 
and contain more carbonate of lime and magnesia and less bicarbonate 
of soda 

Catalytic Activity of the Geysei Spnng — ^This spring is most inter- 
esting to us because we had the opportunity to compare the catalytic 
activity of fresh water from it with that of water that had been stoied 
111 white bottles for seven yeais In our former paper entitled “On 
the Aging of Natural Mineral Water,” we remaiked that aged waters 
differ from the fresh m a loss of catalytic activity We have further 
repoited that light promotes aging These observations were the result 
of rather crude experiments carried out at the Glauber springs of Fran- 
zensbad These results, however, still stand today, and Heubnei,^® who 
has carried out analogous experiments on the Pyrmont iron spimgs, 
arrived at similar results Since the earliest investigations of the 
destructive action of mineral waters on hydrogen peroxide the statement 
has lepeatedly appeared that this property is noted only in fresh waters 
We were, therefore, much astonished to find that Geyser water which 
had been stored for seven years m colorless bottles without any particu- 
lar protection from the light still showed a strong peroxidase or catalase 
activity It IS noteworth)" that in the course of years no precipitate 
formed in these bottles as is usually the case in old mineral water The 
clear contents gave all the pieviously mentioned peroxidase color 
reactions intensely and showed a brilliant green color with orthonitroso- 
phenol, which indicated the presence of ferrous iron It was striking 
that the water taken diiectly fiom the spring did not react so intenseh 
as the water which had aged several years Acidified potassium ferri- 
cyamde failed to indicate the presence of ferrous iron In the absence 
of air the solution lemained unchanged, and only in an open tube did the 
coloi change on standing from yellow to light blue An artificial fer- 
rous bicarbonate solution of like iron content (0 0260 Gm per liter) 
gaie an immediate pale blue with potassium ferricyamde If Geyser 
vater is irradiated for a short time in the presence of traces of oxygen, 
It gives an immediate blue with acidified ferncj^anide While orthoni- 
trosophenol is capable of indicating the ferrous iron of the catalytically 

14 Baudisch, O , and Welo, LA J Biol Chem 64 753, 1925 

15 Heubner Ztschr f Wissenschtl Baderkunde 1 74, 1926 
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active Geyser water in that it forms a green colored complex feirous 
orthonitrosoplienol, no Prussian blue is formed by ferricyanide m the 
absence of oxygen By means of these color reactions, it was primarily 
established that an aged mineral water does not necessarily lose its 
peroxidase pioperty, the opposite has pieviously been taken to be the 
fact 

Theie was a high pressure of caibon dioxide in the old Geyser watei 
bottles, and it might have been assumed that the catalytic power was 
related to the dissolved caibon dioxide Mineral water was therefore 
placed in a suitable separatory funnel with a neck 20 cm long and 3 cm 
wide, air being excluded The water was covered with white petrola- 
tum to a height of several centimeteis The excess of carbon dioxide 
escaped through the petrolatum which was maintained in liquid state, 
and completely shut out oxygen In twelve hours the bubbling of gas 
ceased The water in the funnel was still clear and gave all the peroxi- 
dase color reactions just as intensely as the original carbon dioxide 
containing water The contents of the funnel were then heated nearly 
to boiling Under these conditions, the water became cloudy due to the 
decomposition of bicarbonates The funnel was allowed to stand for 
five days, duiing which time a giadual precipitation of solid constitu- 
ents began The sui face remained continuously covered with peti olatum, 
however, while the stopcock of the funnel was kept under alkaline pyro- 
gallol solution When tests were then made with benzidine hydrochloride 
— ^liydrogen peroxide, the coloi leaction was blue, with phenolphthahn, 
deep red, with guaiac lesin, deep blue and with orthonitrosoplienol, 
brilliant green 

This expel iment brought the fact that neithei the dissolved nor the 
bicarbonate carbon dioxide was necessaiy for the color reactions 

EFFECT OF LIGHT ON MINERAL WATER AND FERROUS 
BICARBONATE SOLUTIONS 

Three parallel light expeiiments weie now undertaken, which 
immediately gave the clue to the explanation of the loss of catalytic reac- 
tions previously observed Thiee quaitz test tubes which had been 
drawn out to capillaiies at the upper end weie employed Two of these 
were filled about thiee-fouiths full (A and A'), while the third (B) was 
completely filled in the absence of air so that the liquid reached to the 
capillary The three tubes were then sealed off in the oxyhydrogen 
blowpipe A and A' had not been rinsed with carbon dioxide as had B 
A and B were then irradiated with a caibon arc light for nearly two 
hours while being cooled with running water at 13 C At the end of 
this time the contents of the tubes were slightly opalescent Tests of the 
two tubes gave entirely different results In A all the peroxidase reac- 
tions had disappeaied, and orthonitrosoplienol gave a reddish color 
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instead of the green, indicating that ferric iron was present The 
opalescent contents of B gave all the peroxidase reactions intensely as 
well as a green color with orthonitrosophenol The contents of A', which 
had been kept in a dark incubator during this time, were only slightly 
opalescent, while all the color reactions were considerably weaker than 
originally A and A', which contained traces of oxygen, differed 
extraordinarily after the irradiation, although more of the excess of 
carbon dioxide could escape and considerable pressure of carbon dioxide 
was present in the tubes Light, then, effected the complete oxidation 
of the ferrous iron in the tube which contained oxygen, whereupon all 
the peroxidase reactions disappeared 

Although A' had been subjected to a higher temperature than its 
iriadiated duplicate, it retained its cataljdic properties to some extent 
The oxidizing power of ox 3 ’’gen is enhanced by light energy, as can 
better be seen from the quantitative experiments to be described In B, 
in which no trace of oxygen was present, the catalytic properties were 
completely retained, although a visible opalescence occurred This signi- 
fies an increase in the size of the particles which originally were not even 
visible by the Tyndall phenomenon 

These qualitative experiments established the fact that the short 
wave lengths of the light of the carbon arc, to which quartz is trans- 
parent, exert an influence on Geyser water m the absence as well as in 
the presence of oxygen In the absence of oxygen no oxidation of the 
ferrous irons occurs, and, therefore, no decomposition of water As 
further evidence of this fact, a solution of ferrous pyrocatechol was 
prepaied In the absence of oxygen this solution is colorless Irradia- 
tion for one houi with the caibon arc did not cause the least apparent 
change If, however, a small amount of potassium nitrate were added 
and the solution again irradiated, an intense violet color occurred in a 
few minutes Ferric pyrocatechol, which is similar to permanganate 
m color, was formed by the oxygen split off from the nitrate 

We have already indicated m the described experiments with potas- 
sium ferricyanide that the ferrous iron in Geyser water does not always 
behai e like that m ferrous bicarbonate It was therefore of interest to 
study the behavior of a solution of ferrous bicarbonate on irradiation 
For this purpose a ferrous bicarbonate solution containing 0 178 Gm of 
ferrous iron per liter was prepared When this solution was irradiated 
V hile being cooled in running water, it soon developed a yellowish cloud- 
ing, and finally a precipitate settled out which was reddish brown and 
consisted of ferric carbonate After an hour’s irradiation, the water 
still contained 0 05584 Gm of ferrous iron per liter 

This experiment indicates that ordinar}'^ ferrous bicarbonate solu- 
tions are sensitive to light, decomposing water with the formation of 
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hydrogen, while the ferrous salt is oxidized to ferric carbonate In this 
case, therefore, the iron ion in ordinary ferrous bicarbonate behaves 
differently from the complex ferrous ion m mineral water A solution 
of ferrous bicarbonate prepared from the purest iron (from iron car- 
bonyl), water and carbon dioxide, containing 25 mg of iron per liter 
(as does the Geyser water) gives the reactions with benzidine, toluidme, 
guaiac resin and orthonitrosophenol just as strongly as does Geyser 
water, but it gives no reaction with phenolphthahn, though all the cata- 
lytically active springs which we have investigated give, in the presence 
of air (but without hydrogen peroxide), a precipitate of zinc carbonate 
which IS at first rose-colored and which quickly becomes intense red If, 
however, the divalent iron in mineral water is transformed into the fer- 
ric form by means of traces of air and intense irradiation, then only the 
flocculent white precipitate of zinc carbonate and no red color, occurs 
This indicates that the red coloration depends on the presence of active 
divalent iron and not on the other inorganic salts It is this element 
alone which is capable of quickly absorbing and activating atmospheric 
oxygen so that the colorless phenolphthahn becomes oxidized to phenol- 
phthalein which, in the alkaline solution, forms its familiar red potassium 
salt Neither dilute nor concentrated ferrous bicarbonate solutions give 
a red color with phenolphthahn (with or without hydrogen peroxide) 
In the absence of peroxide, the concentrated solution gives a green 
precipitate of ferrous hydroxide while in the presence of hydrogen 
peroxide all the iron is instantly converted to the yellowish-red ferric 
hydroxide without the phenolphthahn 

Phenolphthalem mixed with HoOo forms the well known blood rea- 
gent of Kastle and Meyer,^® which is sensitive to blood as dilute as 
1 800,000 This reagent is of particular interest m connection with 
the catalytic properties of mineral waters, since in them the red coloration 
occurs in the absence of HoOo and also because oxygen or air is neces- 
sary besides divalent iron As long as the mineral waters investigated 
gave a green color with orthonitrosophenol (Fe”) a red color was 
obtainable with phenolphthahn, whether the water contained an excess 
of carbon dioxide or was heated nearly to boiling 

Quantitative Investigations of Geysej Spung — The method of 
investigation of the catalase action of mineral water was developed by 
Glenard The following is the method as employed by us 

16 Glaister, John Bnt M J 1 650, 1926 Preparation, phenolphthalem 
(2 Gm), potassium hydroxide (20 Gm), and water to make 100 cc are boiled 
while zinc dust (from 10 to 30 Gm ) is added until the solution is decolorized 
after boiling ten minutes The solution keeps well if a little zinc is present 

17 Glenard Proprietes physicochimiques des caux de Vichy, Pans, 1911 
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Two hundred cubic centimeters of mineral w'ater or the solution to be inves- 
tigated was quickly brought to 37 C by immersion in a hot water bath and 
mixed with 25 cc of approximately half molar peroxide (at 37 C ) The 
peroxide was freshly prepared by diluting Merck’s perhydrol The time of 
mixing was noted and the solution then maintained at 37 C in the incubator 
After fifteen minutes, 25 cc of the mixture was pipetted out, acidified with 
sulphuric acid and titrated with tenth normal potassium permanganate The 
titration was repeated at definite intervals The initial hydrogen peroxide (H-0.) 
concentration in the mixture ivas determined by means of a control with distilled 
w’ater Table 2 and charts 2 and 3 which show the extent and rate of peroxide 
decomposition by Gejser water yield quantitative confirmation of the qualitative 
color reactions In our case, peroxidase and catalase reactions seem to run 
parallel 

Table 2 — Catalytic Piopotics of the Gcysei Spiing Watei 


Tune (Minutes) 
After the 

Cc 

Tenth Normal 


a 

1 a 

Beginning of the 

Potassium 


— 

- log 

E-^penment 

Permanganate 

a-x 

a-K 

t a— X 

(I) 0 

15 

29 35 

19 9 

1 473 

00113 

45 


7 9 

2 520 

0 0134 

90 


46 

1 717 

0 0047 

121 


3 2 

1 437 

0 0051 

(II) 0 

17 

30 65 

24 70 

1 242 

0 0056 

32 


19 52 

1 264 

0 0068 

62 


10 88 

1 795 

0 0085 

91 


6 75 

1 610 

0 0071 

121 


4 80 

1 406 

0 0049 

(III) 0 

14 

29 13 

22 7 

1 285 

0 0078 

31 


15 7 

1 447 

0 0094 

60 


69 

2 28 

0 0123 

91 


4 2 

1 64 

0 0069 

121 


3 2 

1 31 

0 0039 

(IV) 0 

15 

32 5 

30 9 

1 051 

0 0014 

30 


28 5 

1 087 

0 0024 

45 


24 7 

1 153 

0 0041 

75 


16 6 

1 481 

0 0057 

105 


88 

1 886 

0 0092 

165 


4 6 

1 913 

0 0047 


A comparison of our results with the data on European springs 
brings out a striking difference in both the extent and the velocity of 
peroxide decomposition The Geyser spring and, as we shall show later, 
the other springs, are extraordinarily active Our observation that 
water stored m bottles for seven years retains all of its activity is novel , 
3'et it IS easil}’’ explained in view of other results of our investigation 
Ge}ser water is drawn from pipes over 100 feet deep and is bottled 
m the complete absence of air, the bottles being preliminarily subjected 
to careful rinsing with air-free carbon dioxide The secret of the 
preserv'abihty of the water lies in the ingenious machine which maintains 
it free from ox\gen until it is bottled The smallest trace of oxygen 
would, during long storage, gradually oxidize the complex ferrous iron 



Chart 2 — The catalytic properties of the Geyser Spring (fresh and 7 year 
old water) Curve I indicates Gej'ser water from bottles filled on Jan 3, 1920, 
and heated to 85 c in the absence of air , curve II, Geyser water from bottles filled 
Jan 3, 1920, with the carbon dioxide shaken out before measurement, curve III, 
Geyser water from bottles filled on Jan 3, 1920 , and Curve IV, Geyser water 
measured at the spring on Jan 2, 1927 



Chart 3 — The catalytic properties of the Geyser Spring (fresh and 7 year 
old water) Curve I indicates Geyser water from bottles filled on Jan 3, 1920 and 
heated to 85 c in the absence of air, curve II, Geyser water from bottles filled 
on Jan 3, 1920 , with the carbon dioxide shaken out before measurement, curve 
III, Geyser water from bottles filled on Jan 3, 1920, curve IV, Geyser water 
measured at the spring on Jan 2, 1927 





Chart 5 — The cataljtic properties of the Hathorn Spring No 2 The broken 
line indicates results of \\ater measured at the source Feb 3, 1927, the unbroken 
line indicates results of uater bottled Dec 7, 1926 
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to feme, thereby causing precipitation and loss of catalytic properties 
Bottles which show the piesence of a precipitate have weak pei oxidase- 
catalase propel ties or none at all 

It is also seen from our experiments that the catalyst can be precipi- 
tated vithout losing its activit}*- if ox 3 ’’gen is absent This gives us a 
splendid demonstration of the fact mentioned previously, namely, that 
it IS not the size of paiticle but the stiuctuie of the solid substance 
Avhich IS important for its catalytic activity Up to the present it has 
been assumed that the catalytically active substance in mineral water 
IS molecularly oi at least colloidally dispersed and as a result of this 
dispersion shows an unspecific surface action 

The Catalytic Activity of Hathoin No 2 Spung — In charts 4 and 5 
IS given a representation of the catalytic decomposition of HjOo by 


Table 3 — The Catalytic Piopeitics of Hathoin No 2 Watei 


Time (^Iinutes) 

Cc 




After the 

Tenth Norm'll 


a 

I a 

Beginning of the 

Potassium 


— 

- log' 

Experiment 

Permanganate 

a-x 

a-v 

t a-v 

Cl) 0 

15 

32 5 

25 9 

1 254 

0 0065 

30 


18 6 

1 392 

0 0096 

45 


11 2 

1 660 

0 0147 

75 


47 

2 380 

0 0125 

105 


28 

1 678 

0 0072 

165 


1 5 

I 866 

0 0044 

225 


I 2 

1 250 

0 0016 

(II) 0 

16 

30 16 

23 6 

1 279 

0 0067 

30 


17 0 

1 389 

0 0102 

47 


9 75 

1 743 

0 0142 

78 


3 72 

2 620 

0 0135 

106 


2 3 

1 618 

0 075 

166 


1 4 

1 643 

0 0036 

258 


1 14 

1 228 

0 0010 

Hathorn water 

It IS noteworthy that water three months old had not 


suffered any loss in catalytic activity As may be seen from its chemical 
analysis, Hathoin No 2 is a highly mineiahzed water, and m this 
respect is different from the Geyser spring 


Influence of LtgJit on the Coesa Spung — In connection with the 
qualitative reactions of the Geyser spring, we have already explained 
why the carbon arc light sometimes causes an mciease or at any rate 
does not cause a decrease m the catalytic activity of the watei , while in 
other cases the activity is completely lost 

In the study of the action of light on mineral springs, little attention 
has previously been paid to tiaces of oxygen Fresenius says that 
precipitates are oliserved in irradiated solutions only when they contain 
air He did not observe an influence of light on the catalysts Schoel- 
lei and Rothe’^® do not believe that there is a i elation between the 


18 Schoeller and Rothe Kim Wchnsclir 6 348, 1927 





516 


ARCHIVES OF INTERNAL MEDICINE 


influence of light and the disappearance of catalytic piopeities of natuial 
mineral water They assume, further, that the state of the ferrous 
bicarbonate oi lather the presence of the system, Fe“ + HCO 3 ” + CO 2 
IS responsible for the benzidine reaction and the continuance of the 
activity Accoiding to their idea, the partial pressure of CO, and a lack 
of oxygen are important for the maintenance of the catalytic activity of 
a natural curative water How little all their assumptions harmonize 
with our experimental results is apparent That the piesence of air 
diminishes and finally completely destroys the activity of a natuial 
mineral water is a phenomenon which has been known since ancient 
times 

We have used the caibon aic in oui reseaiches because its spectrum 
approaches most closel}'^ that of the sun, and the longei ultiaviolet wave 


Tabli 4 — The Catalytic Piopeities of Coesa JVatei 


Time (Minutes) 





After the 

Cc 





Beginning 

Tenth Normal 


T 

1 T 


of the 

Potassium 


— 

- log 


Esperiinent 

Permanganate 

a~\ 


t a— X 

Ph 

(III) 0 

31 2 





20 


29 5 

1 058 

0 0012 

7 

•45 


25 7 

1 149 

0 0024 


75 


20 1 

1 279 

0 0036 


115 


12 6 

1 594 

0 0023 


165 


5 2 

2 422 

0 0077 


(IV) 0 

ol 2 




7 

20 


30 8 

1 013 

0 0003 


45 


29 8 

1 033 

0 0006 


7d 


28 6 

1 042 

0 0006 


115 


26 6 

1 074 

0 0003 


165 


22 8 

1 122 

0 0010 



lengths are piesent in abundance Piehminaiy tests showed that the 
ultraviolet portion of the sun’s spectium was the most effective in our 
experiments Later we shall analyze the most active wave lengths in 
detail 

For our experiments we used Coesa water which had been bottled 
on Dec 12, 1926 We had, therefore, a uniform supply of water and 
could carry out oui experiments with all convenience in the laboratories 
ot the Rockefeller Institute, instead of going to the source of the spring 
The water gave all the peroxidase color reactions intensely 

Apparatus The previously described long-necked separatorv funnel with 
a capacity of about 1 5 liter was used One of these vv^as made of fused quartz 
and was used for the irradiation experiments The following parallel experiments, 
w Inch are best expressed in the charts, were carried out 

Experiments in the Presence of Traces of Oxygen The contents of four 
bottles of Coesa water (about 2 liters) were combined in a large beaker from 
which the water was poured into two separatory'^ funnels, one of glass (A) and 
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one of quartz (/?) During this operation the mineral watei came in contact 
with an The watci in the funnels rvas then covered rvith petrolatum to a 
height of 4 mchc<; (1016 cm ), winch sealed it from the air The funnels rvere 
cooled with running w'atci (13 C), A remaining in diffused daylight rvhile B 
was irradiated for one hour with the carbon arc light Both funnels were then 
placed in a dark incubator (37 C) and allowed to remain for three hours At 
the end of this tunc, the water in A was slightly opalescent wdnle that in B 
was cloiuh The pn was 7 m both rcssels The results of the measurements of 
the catalase action arc guen m table 4 

Experiments m the Absence of Oxrgen A glass (C) and a quart/ (D) 
lunncl weic each filled with the contents of two bottles in the complete absence 
of air For these experiments the funnels were strongh heated wnth Bunsen 
burners to rcmo\e occluded gases, while carbon dioxide carcfulh freed from 


r \H r 5 — Subsequent Delcnniuatwu of the Catalytic Piopcitics of Coesa ll'atci 


Time (Miiuitcs) 





\fu r ilic 

Cc 





Ili.i.ii'minp 

T ciilh Norimi 


t 

1 T 


ot tile 

I’onc'iumi 


— 

- lop 


r xpenmi lU 

Ptrnniirnrntc 

T-\ 

*l-\ 

t T-'X 

fit 

(I) 0 

27 S 





IS 


24 3 

1 142 

0 00 IS 

7 



21 5 

1 no 

0 0053 


1 > 


14 7 

1 461 

0 OOSl 




6S 

2 162 

0 0112 


no 


26 

2 611 

00119 


(ID 0 

27 S 





IS 


25 S 

1 077 

0 0021 

7 

-’5 


21 9 

1 OSO 

0 0013 




l‘i 0 

1 25S 

0 0005 


7^ 


10 1 

1 SSI 

0 0091 


no 


1 5 

2 SS5 

0 0111 


(\ ) 0 

26 S 





is 


21 4 

1 144 

0 0019 


'0 


IS 0 

1 219 

0 0062 


60 


10 S 

1 750 

0 0081 


10(1 


0 0 

2 160 

0 0084 


115 


3 <» 

1 2S1 

0 0071 



oxNgen, was passed through tlicm for an houi The funnels wcie filled while 
still warm, the Mgorous cfTei vcsccnce of the mineral waters hindering the access 
of air Thej were then scaled with melted white petrolatum, through wdneh the 
excess CO: easily passed 1 he stopcocks of the funnels were kept under the 
surface of alkaline pyrogallol solution After fort-y -eight hours at room tempera- 
ture, the cAolutioii of carbon dioxide had ceased, both funnels remaining clear 27 
was then irradiated for one houi, while being cooled wnth running water (13 C), 
when it became distinctly opalescent Both funnels w'cie placed in the incubator 
for four hours to attain the necessary temperature The pu m both was 7 
The results of the subsequent dctci nnnation of catalytic properties arc guen in 
table 5 

The expeuments in the piesence ol oxygen only conhiin tvhal was 
previously found liy means of peroxidase color leactions in the case of 
Geysei walei Light consideiably acceleiated the oxidation of feiious 
ion Hydrogen ion concenti ation plays no pait in this piocess because 
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it, as well as all other conditions, was identical in both cases Qualita- 
tive tests of the water in the two funnels confirmed the result mentioned 
before In the unillummated funnel all the pieviously mentioned coloi 
reactions were positive but weak The illuminated funnel, on the con- 
trary, did not show any of these leactions, and orthomtrosophenol 
indicated ferric iron 

The fact that light accelerates the oxidation of feirous ion by molec- 
ular oxygen without at the same time photochemically decomposing 
water, is of biologic interest The assumption that m the mentioned 



Chart 6 — The influence of light on the catalytic properties of Coesa Water 
(bottled Dec 1926) in the absence and in the presence of oxygen Curve I 
indicates oxj'gen-free rvater, irradiated, curve II, oxygen-free water, not irra- 
diated, curve III, water with traces of oxygen not irradiated, curve IV, water 
with traces of oxjgen, irradiated, and curve V, water direct from the bottle 

expel imenls light does not form hydrogen pei oxide from water aiises 
fiom the lesults of the oxygen-free illuminated expeiiment {D) If 
hydrogen peroxide were foimed from watei by irradiation of mineial 
water, the feirous complex would become oxidized, as is the case with 
ferious bicaibonate 

The oxygen- free experiment, however, leads to another question 
which is of fundamental significance foi the action of light, namely, 
the “significance of light for the stability of colloidal solutions ” A 




BAUDISCH-DAVIDSON— NATURAL MINERAL WATERS 519 


large amount of hteialure alread} exists on this subject, and this is not 
the place to discuss it more thoioughly We are inteiested only so far 
as our expel imental results are connected with the theme already dis- 
cussed m the theoietical part of this article, namely, the size and 
structure of the paiticle Up to the present time, the catalytic action of 
a mineial water has alwa}s been related to and explained b}' the so-called 
moleculaily dispersed oi generally colloidal state of the iron or manga- 
nese Oui experiments ^Mth light m oxygen-fiee water show that 
light brings about a change m dispersion which finally leads to the pre- 



Cliarl 7 — Tlic influence of light on the cataljtic properties of Coesa Water 
(bottled December, 1926) m the absence and in the presence of oxygen Curve I 
indicates oxjgcn-frcc \sater, irradiated, cur\c II, oxj gen-free water, not irra- 
diated, curve III, water with traces of oxjgen, not irradiated, curve IV, \\atcr 
with traces of oxjgcn, irradiated, and cmvc V, watei direct from the bottle 

cipitation of the dispcisc phase (coagulation) Thus, pai tides which 
weie originally invisible inci eased in size and became visible undei the 
influence of light Watei was not pbotochemically decomposed m the 
process, since such a change would have led to the oxidation of ferious 
ion If the size of the paitide alone were lesponsible foi the catalytic 
activity, the clear unillnmmated water should have been moie active than 
the illuminated, which is contiaiy to the facts The piecipitated particles 
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of fenous compound must possess a suiface with specially active points 
since the leaction velocity of hydrogen pei oxide decomposition is 
greater than that with the original moleculaily dispeised pai tides We 
see, theiefoie, that it is justifiable, in the mmeial water problem, too, to 
enlaige on the idea that the process of formation of an inorganic salt is 
a function of its catalytic surface action 

Even if, on the basis of pievious expeiimental lesults, we aie not 
able at piesent, to say definitely that the divalent iron in the Saratoga 
spiings IS bound in a structurally defined and isolatable complex salt. 
It IS to be seen that a specific character is contributed to the fenous ions 
b) their companions m solution, a character which is not dependent on 
contained gases, particulaily caibon dioxide, and which diff ei entiates it 
from the ferrous ion in ferrous bicarbonate While fenous bicai- 
bonate is lapidly oxidized to feme carbonate by the oxygen resulting 
fiom the photochemical decomposition of watei, mineral water appears 
to use the light only for diminishing the chaige on its colloidal particles 
and thereby increasing their mass To what extent this piocess can be 
explained by the change in the dissociation of electrolytes contained in 
mineral w^ater must be decided by furthei experiments It may be said, 
how'ever, that light influences the dispersion of the colloidal pai tides in 
mineral water and thereby its catalytic activity In the light of modem 
colloid chemistry, colloidal pai tides are no longer to be consideied sim- 
ple particles which show’' unspecific absorption phenomena because of 
then laige suiface, but, rather, structurally defined crystals in which the 
pieviously mentioned laws of valence find just as important application 
as in the electrolytes and in the complex salts 

SUMMARY 

1 The Saiatoga springs investigated by us displayed a much higher 
catalytic activity than any of the European springs previously investi- 
gated 

2 It w’as observed that bottled watei s retain their catalytic activity 
if eveiy tiace of oxygen is excluded in the bottling 

3 The catalytic activity of the Saratoga waters depends primarily 
on their ferrous non content, wdnch is most probably in complex form 
It is independent of dissolved or bicarbonate carbon dioxide 

4 The mineral waters lose their catalytic activity in the presence of 
oxygen, especially when ii radiated by the carbon arc light 

5 In the absence of oxygen, heat and light alter only the dispersion 
ot the contained colloid pai tides without weakening the catalytic pow'ei 

We wish here to express our thanks to Dr Herbert Ant, State Chemist at 
Saratoga Springs, to whom we are indebted for determinations of the catahtic 
iction of the mineral waters at the source, as w’ell as for manj helpful suggestions 



MOTION OF THE HEART IN DISEASE OF THE 

MITRAL VALVE 

Cl N CM \1 OGU \PIIIC ROCKl GCN-R \Y SI UDIES - 
W ED^Y^VRD CHAMBERL'MN, MD 

AND 

WILLIAM DOCK, MD 

\N 5 U \NCI‘^CO 

Roentgenogiams of the hcait which do not lecoid the ilnthmic 
moxcments of its holders must always lemain of limited value Even 
the orthodiagiam, wdnle ofteiing mfoimation not to be obtained fiom 
the loentgenogiams, fails to infoim us of the time lelations of the 
mo\cments of ^arlOus pails of the heart outline 

In 1925, Ruggles ^ succeeded m making 8 by 10 inch instantaneous 
loentgenogiams of the beating hcait sciially, at the latc of fifteen pei 
second He i educed these loentgenogiams, photogi aphically, on to a 
motion pictuic film When pi ejected Ruggles’ film ga\e an excellent 
dcmonstiation of the shadow of the moving heait, wuth detail and 
MSibiht} fai exceeding the best that can be obtained by watching the 
•'hadows on the nuoicsccnt sciecn 

Am one who has obsened the moiements of the heait, as shown b} 
the fluoioscope or with the gicatci claiity of Dr Ruggles’ cinemato- 
giaphic dcmonstiation must appicciate how valuable w'ould be a giaphic 
lecoid of the in and out moAcments of selected paits of the boidei of 
the heait While watching the demonstiation of Ruggles’ motion pic- 
tuic. it occuiicd to us that such a giaphic lecoid could be obtained by 
measuimg coiiesponding dimensions on successne films in an) senes 
taken with Ruggles’ roentgen cincmatogiaph 

The lesulting studies and cui\cs of hcait boidci motion (Skiacai- 
diogiams) obtained fiom Ruggles’ oiiginal films of a noimal subject, 
hace been lepoited clscw'hcic - We have now' pioduced similai lecoids 
m cases of Aalvulai disease 

In applying this method of analysis of the movements of the heait 
bolder to the diseased heait, a numbei of difficulties weie at once 
encountcied The present appaiatns of Ruggles foi obtaining the 
neccssai\ lapid-secjuence loentgenogiams does not gne satisfacton 

* From the Departments of Radiology and Medicine, Stanford Univcisity 
School of Medicine 

1 Ruggles, H E X-ray Motion Pictures of the Thorax, Radiologv 
5 444 (Nov ) 1925 

2 Chamberlain, W E, and Dock, W Ihe Study of the Heart Action 
with the Roentgen Cinematograph, Radiology 7 185 (Sept J 1925 
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films of thick-chested patients, and it cannot be used with neivous or 
bedridden patients By using high voltage, the value of which has been 
demonstrated by Lomon and Commandon,® and by enclosing the film- 
carrying mechanism in a separate soundproof compartment, the applica- 
tion of this method could be widely extended 

We have used the original machine on foui patients with disease of 
the mitral valve, this disease was considered especially impoitant because 
the mechanics of the valve lesion are not easily elucidated by the 
ordinary methods of study, and it seemed that such cases might give a 
fair idea of the value of graphic lecoids of heart movement 

TECHNIC 

The film-carrying apparatus \\as loaned to us by Dr Ruggles of the Uni- 
versity of California, and operated with the assistance of Mr E P Fletcher 
The method of operating this machine and of measuring the films and plotting 
graphically the motion perpendicular to the border of the heart of various 
points in the auricular and ventricular areas has been described elsewhere " 
Thirty feet of duplitized film are taken through the film carrier in two seconds, 
giving thirty exposures of one-fortieth of a second’s duration each However, 
due to the technical difficulties m runing 30 feet of film through the present 
machine without mishap, ten rolls (300 feet) of film were used on these four 
cases We have twenty -one consecutive exposures on case 1, twenty-four and 
twenty-six consecutive exposures on case 2, twelve and nineteen on case 3 and 
ten consecutive exposures on case 4 This gave us 3 heart cycles of case 1, a 
total of 5 cycles of case 2, a total of 2 8 cycles of case 3 and 1 3 cycles of case 
4 The roentgenograms of cases 2 and 4 were satisfactory for accurate measure- 
ment In case 1 the heart was so large that the right border is not on the 
films (8 by 10 inches [20 by 25 cm ] ) In case 3 the hilum and lung density 
interfered seriously with accurate measurement, so that the error was twice as 
great as in the normal or in the other three cases The curves obtained from 
the two sets of film of this case were similar, and we felt that a good approxi- 
mation of the motion of the heart had been reached 

REPORT OF CASES 

C\SE 1 — Mr G H, aged 35, had had severe rheumatic fever in childhood, 
vith mild recurrences almost annually during 3 0 uth He had been in a hos- 
pital for SIX months at the age of 24 for rheumatic fever, and for eight months 
at the age of 25 because of coughing and dyspnea From the age of 26 to 31 
he had vorked hard (truck-driver), but had been m a hospital again for four 
months for cough and dyspnea He returned to his previous work and con- 
tinued at it until he entered the clinic, although for the last two years of that 
time he had had constantlj recurring dyspnea and palpitation on exertion, 
and, at intervals of a few veeks, had had aching pain in the epigastrium for 
from two to three daj's at a time This pain was worse two hours after meals 
and vas relieved bj rest It became severe, and he entered the clinic eight 
months before our observations were made The liver was tender and extended 
4 cm below the right costal margin There were no rales at the bases of the 
lungs He was in a hospital for one month and returned to light work 
Three months later he had acute bronchitis, with fever for ten days, and was 
in Lane Hospital for tvo weeks He then returned to work, but had rather 
marked palpitation e\en on moderate exertion 


3 Lomon and Commandon La cinematographie radiologique, J de radiol 
ct d’electro 8 433 (Oct ) 1924 
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Physical Eiaiutuahou — The patient was a thin but muscular man There was 
a definite malar flush and slight cyanosis of the lips The apex beat in the left 
anterior axillary line was forceful, rapid and irregular, due to frequent extra- 
sj stoics , there w as no thrill The apical first sound w as replaced by a harsh, 
loud sistolic dccrcsccndo murmur The second sound was faint at the apex but 
loud at the pulmonic area There was a soft low-pitched diastolic murmur, heaid 
onK outside the apc\ over a small area It was loudest early and late m diastole, 
but audible throughout the entire diastole The lungs w'ere clear, the liver was 
not palpable The diagnosis was rheumatic heart disease and mitral stenosis 

The electrocardiogram show’ed right lentricular preponderance The vital 
capaciti was 55 per cent (Autopsi, eight months after roentgen cinematography 
showed that the mitral orifice consisted of a scarred and calcified opening of 
dccidcdlj fixed sire with a circumference of 7 cm Regurgitation through such 
an orifice must haie been marked ) 

C\SF 2 — Mrs T G, aged 19, had not had rheumatic fever or chorea, but 
she liad had sc\crc “growing pains" for jears during childhood She lived on 
one ot the highest hills in San Francisco and experienced slight dyspnea on 
walking up to her home She had been married one jear and had not been 
pregnant For three months she had had severe palpitation on exertion or 
during excitement 

Phyucal EiamniaUmt — The patient was small, fairh well nourished and of 
light frame The coloring of the face was a little high The tonsils were 
markedly enlarged, reddened and crjptic (They were rcmo\ed under local 
anesthesia, without anj untoward sequelae, three weeks after our obser^atlOns ) 

The apex beat was in the fifth left interspace, just outside the midcla\icular 
line It was sharp, forceful, regular and 90 a minute At the apex the first 
sound was loud and snapping, the second sound was fairly loud, and there w’as 
a high pitched, intense s\stolic murmur, sharplj distinguished from the heart 
sounds but filling all of the sj stole It was heard well m the axilla and was 
not transmitted to the midline, although audible along the left sternal border 
and in the pulmonic area With the patient in a recumbent position, a soft, 
low' prcsjstolic murmur was heard in the fourth interspace, about 2 cm inside 
the apex The pulmonic second sound was sharplj accented The diagnosis 
was mitral stenosis 

The electrocardiogram was normal, the vital capacity was 72 per cent 

C\sr 3 — Mr A II, aged 28, had had rheumatic fever at the age of 5 jears 
and again at the age of 12 There had been some dvspnca and palpitation on 
exertion since childhood From the age of 16 to the age of 24 he did hard 
manual work (mill hand) For the next four jears, he did onlv light work 
For SIX months, he was increasingly short of breath and had several attacks 
of nocturnal djspnea lie felt weak, and was unable to work, he then had 
acute bronchitis with fever for a week He entered Lane Hospital at that time, 
remained one week after his fever subsided, and was then m a convalescent 
home for three weeks He felt weaker than before his acute infection, and had 
had two attacks of nocturnal dyspnea during the week pieceding our observation 

Physical Exavimaiioii — The patient was a rather small, thin man, with definite 
cyanosis of the lips and fingertips The apex beat was scarcelj palpable, but there 
was a long purring diastolic thrill in the fourth and fifth left interspaces from 
7 to 1 2 cm from the midstcrnal line The first sound at the apex was sharp 
and fairly loud riiere was only a soft systolic murmur at the apex, not well 
heard over the rest of the prccordium Theic was a loud continuous rumble 
filling all of the diastole The pulmonic second sound was slightly accentuated 
There were fine rales at the bases of both lungs The diagnosis was rheumatic 
heart disease, and mitral stenosis 

The electrocardiogram showed right ventricular preponderance, abnormally 
broad and high P waves The vital capacity was 60 per cent 
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Case 4— Mr C, aged 28 (private patient of Dr A W Hewlett and Dr 
J K Lewis), had had rheumatic fever at the age of 19, valvular disease ot the 
heart was demonstrated the following year Dyspnea on exertion increased 
gradually At the age of 25 it became marked, and he had had hemoptysis on 
three occasions One year later, auricular fibrillation commenced, and regular 
rhythm -was twice restored with qumidine After fibrillation had occurred for 
the third time. Dr Hewlett discontinued the use of quinidme and prescribed 
digitalis A right hemiplegia with aphasia came on during the night one month 
later It gradually cleared up in about a week, but occasional slight dragging 
of the right foot remained The patient was able to continue with his studies, 
though he tired easily and had occasional nocturnal dyspnea, as well as dyspnea 
on exertion 

Physical Examination — ^The patient was thin, with a slight frame and muscles 
There was moderate cyanosis of the lips, ear lobes and fingers The apex beat 
was in the anterior axillary line, absolutely irregular, about 95 a minute 
There ivas a faint diastolic thrill and a continuous diastolic rumble, together 
w ith a soft systolic murmur, at the apex The pulmonic second sound was loud, 
and there was a faint early diastolic murmur to the left of the sternum in the 
third interspace The diagnosis was rheumatic heart disease, mitral stenosis, 
aortic msufficienc}" and auricular fibrillation 

The electrocardiogram show'ed auricular fibrillation and a normal ventricular 
complex 

CURVES ON ROENTGENOGRAMS OF THE HEART 

The cuives obtained by plotting the motion of points in the cardiac 
boidei against the time (one-fifteenth second foi each exposuie) are 
compaied with the normal carves obtained from the i oentgenograms of 
Dr Ruggles’ subject Notewoithy variation from the normal is not 
found m the ventricular areas In the normal the upper part of the left 
ventricle continues to move mesad in early diastole, while the apex 
moves lapidl)'^ laterad This is obseived only in case 2, and there only 
foi the first one-fifteenth of a second We anticipated finding a change 
in the position of the “shoulder” on the diastolic rise in ventiiculai 
distention, but notable change is not found Again we must emphasize 
the fact that the curve of motion of points on the ventiicle does not 
in any way lesemble the curve of volume changes m the ventricle as 
determined by the plethysmograph in animals, and that great variation 
is seen m motion of diffeient points along the left ventricle, so that 
compaiison of one case with another may be misleading The total 
extent of motion of the left ventricle in cases 1 and 2 (chait 1) was 
loughlv the same as in the normal, in case 3 (chart 2) and case 4 it 
was diminished The right boidei moved in phase with the apex in 
cases 2 3 and 4, though the total extent of motion in case 3 was slight 
(15 mm ) 

In case 4 we can find no point in the auiiculai aiea which moved out 
ot phase w'lth the a entncle Dr J K Lewis points out to us that this 
IS probabh due to thrombosis in the left auiicle It will be recalled 
that this patient had had ceiebial embolism two j’^eais pieviously 
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Chart 1 — 1 Ik cur\cs on the right indicate the left border of the heart in 
ca'^c 1 on the Icit 1 “^ shown the caidiac outline in case 2 The straight line 
denotes the end ni diastole, the broken line the end ol s\ stole Note the 
prominence of the left auricular and pulmonic artcr> areas at the end of systole 
in cases 1 and 2 



Chart 2 —Cardiac outline of ease 3 The straight line indicates the end 
01 diastole, the broken line, the end of systole Note the limited motion of the 
left auricular area 
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Two consecutive cycles of case 2 and two cycles from different 
records of case 3 are shown in charts 3 and 4, to give an idea of the 
variation from cycle to cycle in a given case 

In chart 5, graphic records of the motion of the left auricle, during 
systole and diastole in cases 1, 2 and 3 are compared with a correspond- 



Chart 3 — Two consecutive cycles of case 2, the upper curve showing motion 
of the left auricle, the lower curve, apical movement Lateral movement is 
shown by upward swing of the curves Each point represents one film or a 
duration of one-fifteenth second 



Chart 4 (case 3) — 'Two cycles, from two sets of films, showing, as in chart 
3, auricular and apical movement 

mg recoid from the normal subject It is immediately apparent fiom 
these curves that the auricular motion in cases of disease of the mitral 
valve IS different from the normal The motion of the auricle m case 3 
is more like the normal than the other two, although clinically this 
patient presents the most typical case of stenosis of the mitral orifice 
The early diastolic collapse, however, is less marked, and the mid- 
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diastolic distention and late diastolic (auricular systolic) emptying much 
moie maiked than in the normal 

The most striking cuives aie those in cases 1 and 2, which, except 
for the difference in rate, aie almost alike In them the auricle does 
not empt} rapidly m early diastole, but on the contrary continues to 
expand duiing the first one-fifteenth of a second It then has an 
initialh slou but inci easing!} rapid emptying, without any middiastolic 
“shoulder, ’ and with only the iiiciease in rate of late diastolic emptying 
to indicate the effect of aui icular s} stole With the onset of ventricular 
systole the auricle suddenly dilates, and then, after falling back slightly, 
continues a slow er dilatation into early diastole 



Ciiart 5 — Schema comparing auricular motion ot the normal heart (A), 
V ilh the motion oi the auricles of cases 1, 2 and 3 of disease of the mitral vahe 
(B, C and D) The initial downstrokc prcsumablj' represents the motion during 
auricular s\ stole, and the time relationships of tlic curves of the abnormal hearts 
arc distorted so as to gi\e sj stole and diastole the same relatne duration as the 
normal, one complete cycle being given Each point represents one film or a 
duration of one-fifteenth of a second B and C show the continuation of auricular 
filling into earlj diastole m the two cases of regurgitation, D the relatnely promi- 
nent mid-diastohc filling and presjstolic discharge m pure mitral stenosis in case 3 


COMMENT 

Our observations, particularly wuth regard to motion in the left 
auricular area, indicate that important data can be obtained from caieful 
measurement of the roentgenogiams of the diseased heart obtained wath 
Ruggles' roentgen cinematograph The value of this method of study- 
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mg the effect of valvular lesions will be greatly inci eased when satis- 
factory films of oblique projections can be taken, and this applies 
particularly to mitral lesions Comparison of the motion of the left 
auricle with the size and shape of the mitral opening may be expected 
to shed great light on the vexed problem of mitral legurgitation, but 
this will be possible only when cases can be studied during the last 
months of the patient’s life Whether the roentgen cinematograph is 
necessary for these studies or whether satisfactory curves can be 
obtained more easily by the slit and moving film method of Gott and 
Rosenthal ^ has not been determined The advantage of the cinemato- 
giaphic method is that it enables one to select any number of points m 
the cardiac outline foi graphic analysis 

We can present no evidence with which to support our belief that the 
final emptying of the auricle is due to auricular systole, except that the 
time relationship of the final inward motion m the normal person and 
111 case 3 corresponds approximately with that of auricular systole 
Simultaneous electrocardiograms, on which the moment of each exposure 
is automatically recorded, should cast more light on this, as should also 
the form of the auricular curve of heart bordei motion in cases of 
auiicular fibrillation without valvular lesion 

In case 3 the form of the auricular motion cuive points definitel}- 
to initial stenosis The diminished late and extent of early diastolic 
emptying and the great accentuation of that pait of the curve supposedly 
due to auricular systole aie to be expected with advanced anatomic 
stenosis, practically without i egurgitation Classic physical and electro- 
cardiographic changes weie found in this patient, but the teleroent- 
genogram was hardly more than suggestive of a mitral lesion, and there 
was no such bulging of the left auricular area as in cases 1 and 2 Of 
the lattei cases, the first had a muimur audible throughout diastole, the 
second only in late diastole, in both the murmur was sharply localized 
near the apex and unaccompanied by a thrill These observations are 
usually considered sufficient for the diagnosis of mitral stenosis, but this 
is not borne out by the loentgenograms of the heart In both instances 
aunculai movement is rapid and marked, and the rapid dilatation in 
early systole points definitely to regurgitation This is further borne 
out by the sequence of events in diastole, the absence of any evidence 
of auricular systole except the increase in rate of mesad motion in late 
diastole, and the fact that dilatation continues for one-fifteenth of a 
second into early diastole The latter finding was a puzzle to us at first, 

4 Gott, T H , and Rosenthal, J Ueber ein Verfahren zur Darstellung der 
Herzbewegung inittels Rontgenstrahlen (Rontgenkymographie) Munchen ined 
Wchnschr 59 2033, 1912 
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but agiees exactly with Wiggeis and Fed’s ^ demonstiatioii in animal 
expel iment that initial leguigitation continues from 0 08 to 0 09 seconds 
aftei the end of systole The only evidence of initial stenosis in the 
auiiculai movement of cases 1 and 2 was the i datively slow collapse 
when diastolic emptying had commenced This is at once appaient on 
compaiing these cuives with the noimal or with cuives of auiiculai 
volume in expeiimental mitral insufficienc)'- ’’’ 

In the anal} SIS of the noimal cuive we had suggested" that one 
leason that the uppei pait of the ventiicle moved mesad while the apex 
mo\ed lateiad in eaily diastole might be that the blood, sti earning m 
along the long axis of the heait, might push out the apex and hence 
cause a nai lowing of the upper pait of the ventricle In case 2 a 
similai phenomenon seems to be due, in pait at least, to diastolic lelaxa- 
tion of the ventiicle, the apex falling away fiom the base and the 
lateral v all inn ai d as the contraction dies out, but this occui s while the 
auiiclc is still dilating 

\\’e lecogmze that fiom one noimal and thiee abnormal cases onh 
tentative conclusions can be diawii Fuithei work will undoubtedly 
show wide ^allatlons in normal as well as in diseased hearts, yet theie 
seems to be no doubt that a stinh of the cuives of heait boidei motion 
off CIS a lelatixeh accuiatc means of distinguishing initial reguigitation 
from initial stenosis, these teims being taken in the physiologic sense 
Such a distinction has lapsed in some clinics, laigely as a leaction to the 
foimci piactice of making too fiequent and often eiioneous diagnoses 
of mitral i egurgitation ineiel) on the basis of a systolic murmur Those 
who ha^e led this leaction point out that practically all oiganic initial 
lesions icsult in a nan owing of the oiifice, and that reguigitation in the 
presence of oiganic stenosis of whatevei degree had bettei be ignoied 
Elsewheie and paiticulail} in Euiope, the diagnosis of initial regurgita- 
tion IS seiiously considered in patients with m}ocaidial failuie and a 
prominent auricular aiea m the left boidei of the heart, whether detei- 
mined b} the loentgen lay oi b} percussion, and in patients with iheu- 
matic valvulai disease with loud systolic muimuis Spiague and White® 
have lecentl} discussed the entire question It is then belief that initial 
insufficiency can be diagnosed fiom the histoiy and physical obseivations, 
and IS a less seiious lesion than stenosis Oui obseivations tend to 
give weight to Balfoui’s view ^ that initial reguigitation has a definite 
charactei, and that "the only unequivocal pi oof of the existence of 

5 Wiggcrs, C I, and Fed, H The Cardiodynamics of Mitral Insufficicnc}, 
Heart 9 149, 1921 

6 Sprague, H B , and White, P D A Comparative Study of “Rheumatic” 
Mitral Regurgitation and Mitral Stenosis, Am Plcart J 1 629 (June) 1926 

7 Balfour, G W Clinical Lectures on Diseases of the Heart and Aorta, 
London, 1876, p 154 
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actual disease of the mitral valves is the determination of the existence 
of an auricular-S 3 ’^stohc, or as it is commonly termed, a presj'^stohc 
murmur ” He held, and we believe that it is a safe guide for the present 
time, that this is as true of mitral regurgitation (due to disease of the 
valve itself) as of mitral stenosis 

Clinical and experimental evidence is being advanced to piove the 
seriousness of mitral regurgitation Gussenbauer ® desciibed a case 
of mitral insufficiency due to a gunshot in which an oval hole in the 
anterior mitral leaflet, not more than twm-thirds the area of the aortic 
orifice, led to heart failuie, auricular fibi illation and death in ten 3 '^ears 
This patient did not have a s) phihtic or rheumatic m)'-ocarditis, and there 
was an extraordinary dilatation of the left auricle This shows the 
seriousness of such a lesion ® Of 147 patients with mitral stenosis 
whose hearts were examined at autopsy and reported on by Cabot,® 
eighty had mitral orifices of greater circumference than the traumatic 
aperture in Gussenbauer’s case It is noteworthy that our patient 
with pure mitral stenosis did not have any significant prominence of the 
auricular region, while the two patients in whom regurgitation was 
preponderant had the classic “mitral configuration ” Experimentally, 
Allan has shown recently how easily mitral stenosis is compensated 
until the aperture is reduced to minute size, and what a comparatively 
large load is put on the heart by regurgitation 

The importance of developing accurate clinical criteria for the 
differential diagnosis of mitral stenosis and mitral regurgitation is 
apparent This is of utmost importance to those who attempt operation 
on the heart, for it will enable them to spare from operation patients 
whose lesions mainly produce regurgitation The difficulty has been 
discussed by Souttar whose patient had a mitral orifice which easily 
admitted a finger 

SUMMARY 

A study of the curies of heart border motion constructed from films 
taken with Ruggles’ roentgen cinematograph shows that in mitral dis- 
ease the motion of the auricular region is of great significance 

8 Gussenbauer, R Ein Fall ion trauinatischer Mitral insuffizienz, Wien 
med Wcnnschr 75 134 (Jan 10) 1925 

9 Adam A Ueber die traumatischen Veranderungen gesunder Klappen 
des Herzens, Ztschr f Kreislaufforsch 9 313 (Mav) 1927 

10 Cabot, R Facts on the Heart, Philadelphia, W B Saunders Company, 
1926, p 76 

11 Allan, G A A Schema of the Circulation with Experiments to Deter- 
mine the Additional Load on the Apparatus Produced by Conditions Represent- 
ing Vahuilar Lesions, Heart 12 181, 1926 

12 Souttar, H S Surgical Treatment of IMitral Stenosis, Brit M J 2 603 
(Oct 3) 1925 
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A patient with a maiked tin ill and loud diastolic niuimur, but slight 
systolic inuimui, gave cuives which aie inteipieted as those of initial 
stenosis 

Two patients with loud systolic and soft locall^ed diastolic murmurs 
gave cuives which apparently indicate the prepondei ance of leguigita- 
tion In one of these autopsy (eight months aftei oui studies) 
ie\ealed a initial oiificc with a ciicuinfeience of 7 cm held open by a 
scaried and calcified inaigin 



MATERIAL FROM LYMPH NODES OF MAN 

I METHOD TO OBTAIN MATERIAL BY PUNCTURE OF LYMPH NODES TOR 
STUDY WITH SUPRAVITAL AND FIXED STAINS'^ 

CLAUDE ELLIS FORKNER, MD 

BOSTON 

This paper deals with a method foi obtaining living tissue fiom 
lymph nodes and tumois, and emphasizes the importance of studying 
living cells m pathologic processes The lesults obtained fiom the study 
of abnoimal lymph nodes by the application of these methods aie dis- 
cussed in a separate communication ^ 

Lymph nodes of patients usually are studied foi diagnosis by ordi- 
nary pathologic technic after their surgical removal Biopsy is not a 
proceduie that can be lepeated readily, and thus in following the devel- 
opment of disease processes, or the effect of theiapy, it is not a 
satisfactory way of obtaining tissue for pathologic study Furthermore, 
biopsy is refused by many patients, and is frequently difficult and at 
times impossible to perform with safety Moreover, the usual technic 
for accuiate diagnosis from the tissue obtained by biopsy lequires sev- 
eral days For these reasons material has been obtained from lymph 
nodes by puncture This procedure has none of the disadvantages of 
biopsy, IS simple, and seldom is objected to by patients, piobably 
because they have no appiehension concerning the use of a needle such 
as they have concerning a procedure involving the use of the surgeon s 
knife Puncture can be performed repeatedly and safely in many cases 
in which surgical lemoi'^al of the node would be unwise or difficult The 
cellular material obtained can be studied both in fixed and in fresh 
pieparations The living cells supiavitally stained have furnished new 
and useful information By such procedures much may be learned and 
a diagnosis probably made m less than half an houi, in contrast to sev- 
eral days required by the technic for the usual pathologic diagnosis 
Whether the knowledge obtained bj studying cellular mateiial from 
nodes will be as serviceable as that deduced from examining sections of 
a Ij'inph node, can be decided onlj'^ after many comparisons and observa- 
tions have been made 

From the Medical Service of Colhs P Huntington Memorial Hospital of 
Har\ard Unnersit} 

1 Forkner, C E Studies on Living and Fixed Cells Withdrawn from 
L>mph nodes of Man, to be published 
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HISTOR\ or PUNCTURE OF LYMPH NODES 

Punctuie of lymph nodes seems to have been confined especially to 
schools of tiopical medicine Asinration of mateiial fiom nodes appai- 
entl} was fiist undei taken by Giieg and Gray in 1904,- m oidei to 
isolate the etiologic agent of tiypanosomiasis Since then, numerous 
mvestigatoi s have aspiiated l}mph nodes with a syiinge and needle to 
lecovei the oiganisms of ceitam tropical diseases and of syphilis None 
of those physicians, howevei, has reported on the cellular mateiial 
obtained Waid, in 1912," suggested that the appearance of cells obtained 
by punctuie of nodes might aid in the diagnosis of the various forms of 
1} mphoblastoma He was awaie of one such case m which the pro- 
cedure was peifoimed vithout ill efifect Guthiie, m 1921, ‘ made a 
seiious attempt to study the tissue cells obtained by aspnation from 
patients’ l 3 mph nodes He has desciibed the appeal ance in fixed stained 
preparations of the cells he withdrew in different forms of lymphoblas- 
toma and conditions simulating them From the mateiial obtained he 
uas able to make the diagnosis of Hodgkin’s disease — a type of lympho- 
blastoma accoiding to some authonties Guthrie’s impoitant report is 
of a piehminan nature, howevei, and leaves many matteis inconclusive 

Guthiie ‘ punctuicd hmph nodes \\ith a 21 gage needle on the end 
of a s} iingc, lotated it once, and then by negative pressure withdrew into 
the syi inge as much matei lal as possible He says that in many cases a 
scant amount of mateiial was obtained because of the film consistency 
of the tissue This difficult}’’ w’as only too appaient when I began punc- 
turing nodes by this method, and sometimes tissue could not be obtained, 
or the amount w as insufficient f oi adequate study I ha\ e almost iiivai i- 
ably been able to obtain enough mateiial by emplo}mg a baibed dental 
broach passed through the lumen of a small needle inseited into the 
substance of the node Large numbeis of living cells aie withdiawn 
easily on the baibs Othei methods of punctuie w’eie tiled, but the 
follownng w’as adopted as the most satisfactoi} 

TECHNIC 

The procedure which has been developed and utilized in studies on Ij'inph nodes 
IS as follo^\s The skin overlying the structure to be punctured is cleaned 
surgically by scrubbing with soap, followed by the application of ether and 
iodine, or by mercuric chloride or picric acid solutions About 0 5 cc of procaine 
hvdrochloride in solution is infiltrated through a small hypodermic needle into 
the skin A 17 or 18 gage sterile needle about 3 5 cm in length is then inserted 


2 Grieg, E D W,and Gra>, A C H Brit M J 1 1252, 1904 Lymphatic 
Glands in Sleeping Sickness, Lancet 1 1570, 1904 

3 Ward, G R Bedside Haematologv, Philadelphia, W B Saunders Com- 
pany, 1914, p 129 

4 Guthrie, C G Gland Puncture as a Diagnostic Measure, Bull Johns 
Hopkins Hosp 32 266, 1921 
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through the anesthetized area until the point pierces the capsule of the lymph 
node or diseased tissue The exact position of the needle point is easily deter- 
mined by the resistance it encounters and by the movabihty of the mass After 
the needle has been passed just within the tissue from which material is desired, 
the needle is steadied and a sterile coarse dental broach” is passed through the 
lumen These broaches are constructed so that they enter the tissue like a needle, 
but come out like a fish hook, carrying on the barbs numerous elements of living 
tissue Smears of the material obtained are then quickly made on glass covershps 
One puncture of a tumor or node yields sufficient material for several smears 
The more cellular the tissue the more material is obtained from which cultures 
as well as smears may be made After sufficient material has been obtained by 
inserting one or more broaches, the needle is withdrawn and a small dry sterile 
dressing applied The procedure seems to be no more painful than puncturing a 
vein m the arm for the withdrawal of blood, and there has been no difficulty in 
making repeated punctures of lymph nodes on the same patients 

VALUE OF STUDIES ON LIVING CELLS 

The particular studies made on the material collected by this type of 
puncture have been observations of fixed smears stained with Wright’s 
stain and supravitally stained preparations Heietofore, information 
has not been reported concerning living cells from human lymph nodes 
examined by the aid of supravital stains Webstei ® and Lewis and 
W ehster made studies on the lymphocytes in tissue cultures of normal 
and pathologic lymph nodes They observed that lymphocytes were 
capable of migrating into the plasma clot from “explanted pieces of 
lymph-nodes ” Webster ® believed that evidence of ameboid activity 
on the part of the lymphocytes was indicative of a rapidly fatal course 
These authois have not leported any studies concerning the reaction of 
living cells of lymph nodes to vital dyes It would appear to be possible 
to acquire physiologic as well as histologic knowledge of a new sort by 
this means For example, observations may be made on ameboid 
activity, phagocytic power, behavior to altered environment, resistance 
or susceptibility to staining and other characteristics It is not possible 
adequately to obtain such mfoimation from observations on fixed tis- 
sues Thus a definite opinion can be arrived at concerning the age, 
stage of development and activity of the cells 

The ordinary histologic methods require that tissues be subjected to 
rigorous measures, which not only obscure the physiologic processes of 

5 The dental broaches are obtainable from almost any dental supply com- 
pany Broaches with aluminum handles are the most satisfactory For these 
studies the “Dayton Dental Eroach-Improved-Coarse-Style Number 1” has been 
used 

6 Webster, L T Lvmpho-sarcoma, Lymphatic Leukemia, Leukosarcoma, 
Hodgkin’s Disease, Bull Johns Hopkins Hosp 31 458, 1920 

7 Levis, W H, and Webster, L T Migration of Lymphocytes in Plasma 
Cultures of Human Lymph nodes, J Exper Med 33 261, 1921 
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cells but also pioduce aitefacts If one contiasts the stud}’’ of living cells 
vuth that of dead cells, the piotoplasm of which has been coagulated by 
stiong fixing agents, altered by delwdiation and shi inking in alcohol and 
subjected to abnormal piocesses in embedding and then cut at vaiious 
angles, the value of stud} mg In mg cells becomes appaient Like an}’ 
pioceduie, piactice and expeiience is requiied to make accuiate and 
lehable obsenations on living supiavitall} stained cells 

The beha^ loi of blood cells to a ital dyes was studied as long ago as 
1902 by Rosin and Bibergeil,® but it is the voik of E^ans and Scott® 
Simpson and Sabin which has developed efficiently the so-called 
supraMtal method These woikeis and their pupils have shown the 
value of the method and contiibuted much mfoimation conceining liv- 
ing blood cells Details of technic aie given by Simpson and Sabin 
I shall gne a brief desciiption to indicate its natuie and the modifications 
found useful for studying h mph node material 

A thin film of chc m alcoholic solution is smeared across the surface of a 
pre^ lousK cleaned polished and warmed glass slide This is done bj dipping the 
end of another slide, nith which the smear is made on the former one, into a 
fresh mixture (10 drops) of equal parts of 0 5 per cent alcoholic solution of 
neutral red and a 0 1 per cent alcoholic solution of lanus green Solutions of 
the djes arc kept on hand, made up in 95 per cent alcohol The djes are not 
mixed until thc\ arc rcadj for use, because a mixture is not a stable preparation 
Solutions of varjing concentrations should be cmplojed for making the dje 
films until one has gamed proficiency in estimating the optimum concentration 
desired Emphasis should be placed on staining the cells as lightly as is consistent 
to obtain good difterentiation of the structures they contain If the dyes are 
employed in concentrated solutions, the nuclei will be stained and the cells quickly 
killed The glassware must be scriipulouslv clean because cells arc delicate struc- 
tures, and any acid, alkali or the like will injure their membranes and markedh 
alter their physiologic bchaMor 

AIETHOD JitODiriED FOR TISSUE CELLS 

In the studv of cells from blood, a frce-flow’ing drop of blood is procured on 
the under surface of a glass covershp, and this is allowed to fall gently on the 
slide prepared w'lth the dye In the case of blood, the plasma takes up some of 
the dje and acts as a medium in which the cells maintain their activity in suspen- 
sion Howe\er, material obtained from nodes, especially if fibrosed, often has 


8 Rosin, H , and Bibergcil, E Ergebnisse vitaler Blutfarbung, Deutsche 
med Wchnschr 27 41, 1902 Rosin, H Das Verholtcn der Leucocjten bei den 
vitalen Blutfarbung, Virchow’s Arch f path Anat 178 478, 1904 

9 Evans, H M , and Scott, K T On the Segregation of Macrophage and 
Fibroblast Cells by Means of Vital Acid Dj’cs and on the Cause of the Differ- 
ential Effect of These Substances, Anat Record 16 148, 1919 

10 Simpson, M E Vital Staining of Human Blood w'lth Special Reference 
to the Separation of the Monocytes, Uni Calif Pub Anat 1 1, 1921 

11 Sabin, F R Studies on Living Human Blood Cells, Bull Johns Hopkins 
Hosp 34 277, 1923 
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insufficient fluid to permit cells to be properh'^ suspended The addition of 
phj-^siologic sodium chloride alters the staining qualities and behavior of the 
cells, and is not ideal for this purpose As a fluid in which to suspend the cells 
one can use the patient’s serum or that from a person belonging to iso-agglutina- 
tion group I (Moss classification) whose serum does not agglutinate red blood 
corpuscles I have also used successfully sterile clear fluid obtained from ovarian 
cysts It IS essential to have a fluid medium m which to suspend the cells imme- 
diately after their removal from the body in order to prevent desiccation and to 
promote a uniform staining reaction 

The Staining properties of blood cells and their physiologic response 
to dyes are excellently desciibed by Simpson^'’ and Sabin, and foi 
such information reference should be made to their articles Suffice it 
to say here that janus green and neutral led are relatively nontoxic 
dyes , the foimer in dilute concentrations is a specific stain for mitochon- 
di la, and the lattei a specific one for cytoplasmic structures Their appli- 
cation to tissue cells is discussed in the subsequent article 

INDICAIIONS AND CONTRAINDICATIONS FOR PUNCTURE 

The safety of punctuimg lymph nodes of vaiious sorts has been con- 
sidered carefully, and it appears that this procedure is to be looked on as 
harmless if used with discretion One must be acquainted with the 
anatom}'- of the given region before attempting to make a puncture 
About forty punctures have been made in nodes pioved by sections to be 
diseased with vaiious types of lymphoblastoma, metastatic cancer and 
othei tumors, myelogenous leukemia, tuberculosis and simple hyper- 
plasia Local or general dissemination of a tumor or spread of disease 
which could be attributed to punctuie has not been obseived There is 
no evidence that infection, hemorrhage into nodes or significant dis- 
comfort has occurred Biopsy in some cases of lymphoblastoma and 
metastatic cancer may be followed by a rapid spiead of the disease, and 
perhaps eventually this may be shown to result from puncture Punc- 
ture, however, lequires less manipulation and trauma than surgical 
1 emoval of a lymph node 

Puncture of lymph nodes seems contraindicated in cases of probable 
01 definite malignant disease when the possibility of cuie by total 
1 emoval of the pathologic tissue exists It is best not to injuie such 
neoplasms Another contraindication is immediate proximity of the 
stiucture to be punctured to a large artery The exact location of the 
needle point can usually be accurately ascertained, and thus one need 
not be alarmed if an aitery is nearby 

Puncture of a node does not inteifere with its subsequent removal 
This sequence ot events has taken place in seveial of the cases studied 
m order to coi relate the results obtained from material collected by 
puncture with those lecorded from observations of sections of nodes 
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piepaied b} the usual pathologic technic Such coiielations in many 
inoie cases than I have studied are essential befoie a final opinion con- 
cerning the value of puncture of lymph nodes can be decided The 
proceduies leteiied to, howevei, appeal to be of some seivice as indi- 
cated in m}’- second papei 

SUMMARY 

Punctuie of hmph nodes by means of a hollow needle thiough which 
a dental broach is passed is a new, appaiently haimless and satisfafctory 
way to obtain sufiicient material fiom patients foi study 

The value of studying the living cells fiom diseased lymph nodes b) 
supra^ ital staining is emphasized 
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INCIDENCE AND CERTAIN ETIOLOGIC FACTORS ^ 
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THEODORE H MORRISON, MD 

BALTIMORE 

Great interest has been manifested in various problems bearing on 
the etiology of diabetes melhtus, especially during the last few years 
This IS due largely to the menace of the disease as revealed by the 
increase in its incidence as well as in its mortality rate, at least until 
the time of the introduction of insulin ^ 

The observations of Emerson and Lanmore - have definitely proved 
that there has been a progressive and actual increase in the death rate 
from diabetes m New York, as well as in other larger cities, between 
the years 1860 and 1923 They direct attention to the fact that an 
increase in the death rate from a certain disease may be considered as 
pointing to an actual increase in its incidence, especially during a period 
in which clinical diagnosis as well as treatment have progressed to such 
an extent as to make possible early recognition of the disease, arrest in 
early cases and postponement of death when cure cannot be expected 
This, they point out, can be assumed to be true of diabetes, since great 
advances ha\e been made in both diagnosis and treatment 

Table 1 presents the average death rate from diabetes per 100,000 
population for Baltimore, Philadelphia and New York for twenty years 
in five year periods It is evident that there was a progressive increase 
in the mortality rate of the disease until 1923 , it was greater in 
Baltimore than m Philadelphia, and greater in Baltimore than in 
New York since 1910 

Table 2, furnished through the courtesy of Dr C Hampson Jones, 
commissioner of health of Baltimore, demonstiates that notwithstanding 

■'Presented at the Meeting of the American Gastro-Enterological Association 
at Atlantic City, May 3, 1927 

*From the Gastro-Enterological Clinic of the Department of Medicine of the 
Unnersitj of Maryland, Baltimore 

1 The ]\Ietropolitan Life Insurance Company ascribes the lowering in the 
death rate from diabetes among their industrial policy holders during the last 
half of 1923 and the first quarter of 1924, to the successful and widespread use 
of insulin (Statistical Bulletin Metropolitan Life Insurance Companj’’, vol S, 
no 2, [Feb] 1924) 

2 Emerson and Lanmore Diabetes Melhtus, Arch Int Med 34 585 (Nov ) 

1924 
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a fall fiom 21 01 to 1441 in the general death i ate in Baltimoie from 1900 
to 1924 (i e , deaths fiom all causes foi each 1,000 of the population), 
theie was a use fiom 69 to 24 2 in the death late from diabetes foi 
each 100,000 of population The death late pei 100,000 from this dis- 


Tablf 1 — Avciagc Death Rate fiom Diabetes pc> 100,000 Population foi 
Baltimoie, Philadelphia and Nezv Yoih foi Tzuenty Ycais, 
Accoiding to Five Yeai Peiiods^ 
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Table 2 — Deaths and Death Rates fioiii all Cauics and fiom Diabetes in 

Baltimoie, fiom 1900 to 1924 
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ease was, theiefoie, moie than thiee times gieatei m 1924 than m 1900 
It will also be noted that the number of deaths from diabetes in 1924 
(190) exceeded those of 1900 (35) moie than five times, while the 
population of the foi met year was but little ovei one and a half times 
laigei than that of the lattei yeai A moie maiked inciease was noted 
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b} Anders and Jameson^ in then mortality figuies foi Philadelphia 
As Emerson and Laiimore have pointed out, while this inciease in the 
incidence of the death rate has included persons of all ages, it has been 
marked in women at all ages and in men ovei 45 Our obseiva- 
tions have confirmed these facts 

According to the statistics furnished by the Buieau of Census ^ of 
Washington, the death rates from diabetes show a steady inciease 
upward between 1910 and 1920 Most of this inciease is due to the 
highei lates abo^e the age of 45, the menace of the disease being more 
especiall}'^ noted among women ovei that age 

Joslin® attributes this increase in diabetes to a number of factois 
(1) to a greater accuiacy of vital statistics, (2) to urinary examinations 
more frequently peifoimed as a loutine, (3) to the geneial inciease, 
in longevity, which should necessarily add to the incidence of this disease , 

(4) to life insuiance examinations and statistics through which the 
lecognition of new cases has more frequently been made possible, and 

(5) to the frequency by decades at which the onset of this disease 
occurs at the present time, which has likewise made comparatively 
greatei the increase of cases in the fiist decade as compared with the 
inciease shown in formei statistics Among the inteiesting pioblems 
associated with the etiology of diabetes is the well recognized observa- 
tion of the greater hazaid of this disease among the Jewish as com- 
paied with the non-Jewish population The disease has been significantly 
termed “Juden-Kiankheit” , because of the great pievalence of this 
condition among the Jews 

As the tabulations m New York and in other cities do not include 
the religious belief of the deceased (not noted in the death certificates). 
It IS impossible, according to Emerson and Laiimore, to obtain a wholly 
reliable basis for the calculation of the death rates by laces On the 
other hand, these observeis point to an interesting coii elation in 
New York City and Boston between the increase in the peicentage of 
Jevs m the population over a peiiod of years and the inciease in the 
death rates from diabetes for the same years m the two cities 

According to Emerson and Larimore, it would seem, “to be moie 
than an uni elated coincidence that a city like New York with more than 
half of all of the Jews of the country, has shown in the last thiity yeais 
a greater increase in diabetes death rates than any other large city, and a 
percentage increase of rate running paiallel with the peicentage of 
difference in the Jewish element in the population ” 

3 Anders and Jameson Am J M Sc 170 313 (Sept ) 1925 

4 Department of Commerce, Bureau of Census jMortalit} Rates, 1910-1920, 
1923, p 87 

5 Joslm Treatment of Diabetes Melhtus, Philadelphia Lea & Febiger, 
1923, p 121 
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The testimon) of man} obseiveis tends to coiioboiate the fact that 
diabetes occms inoie fiequently among the Jens According to 
Monison,® theie weie 1,775 deaths fioin diabetes in Boston fioni 1895 
to 1913 Of these, 127 occuiied among the Jews, among whom the 
total numbei of deaths was 6,936 while 1,648 occuiied among the 
Chiistians, among whom the total number of deaths was 222,532 

The latio of the numbei of deaths from diabetes to the total number 
of deaths fiom all causes is 0 018 among Jews and 0 007 peisons who 
are not among Jews, diabetes has, therefoie, been two and one half 
times as frequent a cause of death among the Jews as among the lest 
of the population 

The rcpoits abioad of Aueibach," Wallach,® Siiigei,” Fierichs,“ 
Kulz “ and Van Nooiden^- indicate the greater incidence of diabetes 
in the Jenish lace as coinpaied to other laces In this couiitiy, Stern, 
Rudish and Aionson,'* Billings, and Joslin’'’ have aimed at a siinilai 
conclusion 

The cause of the special susceptibility of the Jews to this disease 
has not let been satisfactoril} detei mined 

According to Emeison and Larimoie, “sedentai} occupations, 
unsuitable dietary habits, luxuiious Ining, disinclination to indulge in 
plnsical exercise, a maiked tendency to obesity in men and women 
among the Jews, paiticulaily aftei 45 }eais of age, may well be moie 
definite etiologic factois in the apparent excess of diabetes deathTates 
among the Semitic people than then race ” 

5 Solis Cohen attributes the dispiopoitionate pievalence of 
diabetes, first, to unsuitable dietetic habits bi ought orer by the Jewish 
immigiants from Russia, vhich to a great degiee accounts foi the 
coincident obesity, and secondly, to the emotional distuibances due to 
centuries of persecution which produced an autonomic endocime 
inbalance 

6 Morrison Boston M <S. S J 175 55 (July 13) 1916 

7 Auerbach Ztsclir Demogr Stat juden, 1908, p 164, quoted by Fish- 

berg The Jews, A Stud> of Race and Environment, 1911, p 298 

8 Wallach Deutsche med Wchnschr 19 779, 1893 

9 Singer Krankheitslchre dcr Juden, Leipzig, 1904, p 81 

10 Frerichs Ueber den Diabetes, Berlin, 1884, p 185 

11 Kulz Klinische Erfahrungen ueber Diabetes klellitus, Jena, 1899, p 2 

12 Van Noorden Zuckerkrankhcit und Hire Bchandlung, Ed 6, Berlin, 1912, 
p 54 

13 Stern M Rcc 58 766 (No^ 17) 1900 

14 Rudish and Aronson Mt Sinai tiosp Rep 11 26, 1899-1900 

15 Billings United States Census Bulletin, Vital Statistics of the Jews in 
the United Stales 19 IS (Dec 30) 1890 

16 Joshn Diabetic Problem of Today, JAMA 83 727 (Sept 6) 1924 

17 Cohen, S Solis, in discussion on Anders and Jameson JAMA 84 
1776 (June 6) 1925 
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Von Noorden believes that the frequent racial intermixture ot 
Jewish with other blood is the cause of the excessive pievalence of dia- 
betes among the Jews, while others attiibute it to the frequency of 
consanguineous mairiages In analyzing the predominant factois asso- 
ciated with the etiology of diabetes, Joslin calls attention to the fact 
that many of these, especially obsen^ed m the Jewish race, such as the 
occurrence of this disease m the conjugal form, its piesence among the 
wealthier classes, its hereditai)^ tendency, its occurrence m mental 
workers m contiadistmction to physical woikers and as a sequel to 
infectious diseases, can all be leadily accounted foi on the basis of an 
associated obesity 

The lelationship between diabetes and obesity has been exhaustively 
studied by Joslin A study of the weight of his adult diabetic Jewish 
patients before the disease manifested itself indicates that they were 
more obese than the patients who were not Jewish Joslin says that 
“85 per cent of the Jewish patients were overweight m contrast to 
70 per cent of a mixed senes of 1,000 Gentiles, 4 7 per cent of these 
were underweight m contrast to 12 2 per cent of the non- Jewish 
patients ” Accoidmg to Joslin, if diabetes were especially characteristic 
of the Jewish race, it would be noted equally from youth to old age, 
however, m comparing the age incidence of this disease m 2,611 of his 
patiepts of all nationalities, he noted that instead of a parallel incidence 
through all the life periods, it was less common among the Jews m the 
first two decades of life, but more fiequent during the fourth and fifth 
decades The Jewish child is, therefore, no more likely to become a 
victim of this disease than the child who is not Jewish On the othei 
hand, the Jewish patient contracts the disease, not because of his race, 
but because of obesity 

Joslin also calls attention to the significant fact that the death lates 
fiom diabetes are essentially the same m New York and m Boston, 
notwithstanding the fact that three tenths of the population of New York 
IS Jewish and but one tenth of that of Boston On the other hand, m 
Biooklme, m which the Jewish population is scarcely proportionately 
larger than m Boston, the death rate is double, undoubtedly due to the 
proportionately gi eater number of oldei, wealthier and more obese Jews 

In this connection the studies of Anders and Jameson are of 
especial interest , they made the observation that the average percentage 
of overweight is higher among the Jewish women with diabetes than 
among the men, and that the incidence of diabetes among the obese 
Jews IS highei than among the obese Gentiles, the ratio being 12 to 8 

18 Von Noorden Berl klin Wchnschr 37 1117, 1900 

19 Joslin Prevention of Diabetes, J A M A 76 79 (Jan 8) 1921 

20 Anders and Jameson (Footnote 3, p 319) 
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The 1 elation of obesity to diabetes becomes still furthei evident 
in the study of sugai toleiance cuives m obese persons According to 
John,-^ the maximum inciease in the blood sugai concentration m the 
nondiabetic person occuis piomptly following the ingestion of 100 Gm 
of dextrose — in 58 pei cent of cases in one-half horn , in 33 pei cent, 
in one hour, and in 8 per cent, in two houis In diabetic persons the 
use in blood sugai concentration is slow, as is also the letuin to the 
noimal level In only 3 8 per cent of cases did the maximum rise appeal 
one-half houi after the ingestion of the dextrose, in 15 4 per cent, it 
appeared at the end of one hour, in 54 pei cent, at the end of two 
hours, and in 23 per cent, at the end of thiee houis Accoidiiig to this 
obsener, if the cuive returns to the normal le\el in three hours fol- 
lowing the ingestion of 100 Gm of dextiose, the pei son is consideied not 
diabetic, if more than three houis is lequiied, he is considered diabetic 
The cases in which the return to the noimal level occuis in about three 
houis aie lecorded as being in the piediabetic stage 

Paulhn and Sauls,-- in a stud}^ of the blood sugar tolerance to 
dextiose, airive at a somewhat similar conclusion in the study of 
twent}-six obese pei sons, of whom 57 6 pei cent gave an abnoimal 
response to the ingestion of dextiose Six of the pei sons w^eie classified 
b) this method as having eaily cases of diabetes 

Beeler and Fitz also observe that a ceitain group of obese persons 
present a cuive of glycemia following the ingestion of 100 Gm of 
dextrose resembling that of mild diabetes 

It IS evident from these obsei\ations that a piediabetic stage may be 
recognized in a certain numliei of obese pei sons 

Follownng the obseivations of Paulhn and Sauls, we have made a 
study of blood sugar toleiance to dextiose, noting especially the cui\e 
of glycemia, in forty-five obese Jews whose weight \vas compared wnth 
the standaid weight of a pei son of the same age and height as noted 
in the table of the Association of Life Insuiance Diiectois and Actuaiies 
of Ameiica The result of our obsei\ations aie noted in table 3 Of 
the tw'enty-five persons, thuty-one, or 68 per cent, gave an abnoimal 
response to the ingestion of tlie dextiose, of these, eight iveie found 
to have eaily diabetes The abnoimal i espouse is indicated by an inciease 
in sugai of ovei 0 17 per cent following the ingestion of dextiose, the 
cuive foi sugai is high and lathei sustained, and a longei peiiod is 
lequired foi its return to noimal, glycosuria is usually piesent 

21 John J Metab Research, 4 286 (Sept -Oct) 1923, Am T M Sc 173 
184 (Feb ) 1927 

22 Paulhn and Sauls South Med J 15*249 (April) 1922 

23 Beeler and Fit/ Glycemia, Glycuresis and Water Excretion in Obesity 
Arch Tnt Med 28 804 (Dec ) 1921 
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Table 3 — Blood Sugat Toleiance Tests m Foity-fivc Obese lews of fiom 
12 to 67 Pci Cent Ovci weight, Aiianged Accoiding to the Peicentage 

of Ovei weight 
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0 

0 

X 

X 

0 

A 

31 

T 

B 

d 

62 

168 

48 

40 

0138 

0186 

0198 

0 216 

0 202 

0 

X 

X 

X 

X 

AP 

32 

P 

S 

d 

58 

216 

70 

40 

0 096 

0146 

0148 

0132 

0112 

0 

0 

0 

0 

0 

X 

33 

M 

K 

d 

68 

205 

60 

41 

0126 

0184 

0188 

0170 

0134 

0 

O' 

o 

0 

0 

A 

34 

P 

T 

d 

54 

225 

70 

45 

0162 

0198 

0 214 

0284 

0 218 

0 

X 

X 

X 

X 

AP 

35 

S 

E 

d 

58 

175 

56 

47 

0 098 

0168 

0184 

0188 

0130 

0 

0 

X 

X 

0 

A 

36 

B 

P 

9 

53 

179 

58 

48 

0112 

0134 

0146 

0 144 

0100 

0 

0 

0 

0 

0 

X 

37 

S 

P 

d 

74 

204 

67 

48 

0128 

0138 

0186 

0 180 

0132 

0 

0 

X 

X 

0 

A 

3S 

N 

D 

d 

67 

220 

72 

48 

0122 

0164 

0198 

0192 

0148 

0 

0 

X 

X 

0 

A 

39 

TV 

C 

d 

59 

228 

74 

48 

0144 

0188 

0 222 

0 254 

0 298 

0 

X 

X 

X 

X 

AP 

40 

J 

F 

d 

70 

182 

63 

53 

0114 

0148 

0136 

0 132 

0102 

o 

0 

0 

0 

0 

X 

41 

B 

M 

d 

71 

192 

68 

54 

0 148 

0158 

0198 

0 220 

0 210 

0 

0 

X 

X 

X 

AP 

42 

K 

T 

9 

62 

178 

67 

60 

0154 

0194 

0 228 

0 254 

0 216 

o 

X 

X 

X 

X 

AP 

43 

P 

S 

c? 

60 

176 

68 

61 

0 094 

0144 

0140 

0114 

0102 

0 

0 

0 

0 

0 

N 

44 

C 

F 

9 

55 

198 

72 

62 

0138 

0182 

0 238 

0 242 

0 224 

0 

X 

X 

X 

X 

AP 

45 

K 


9 

GO 

174 

70 

67 

0128 

0164 

0 232 

0 214 

0148 

0 

0 

0 

X 

0 

A 


In this table d* indicates male, 9» female N, normal response, A, abnormal response and 
AP, prediabetic response 


T \BLE 4 — Summaiy of Cases m Table 3, Aiiaugcd According to the 
Peicentage of Ovei weight 


Percentage of 

Xumher of 

Number of 
Normal Blood 

Number of 
Abnormal Blood 

Overweight 

Patients 

Sugar Responses 

Sugar Responses 

10-19 

15 

8 

7 

20-29 

8 

1 

7 

30-39 

7 

1 

6 

40-49 

9 

2 

7 

50-5^ 

2 

1 

1 

60-69 

4 

1 

3 


— 




Total 

45 

14 

31 
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While the nnnibei of oui cases is peihaps too small to waiiant 
definite conclusions, ne\ ei theless when one compares the response to the 
ingestion of dextiose among oin obese Jewish patients with the lesnlt 
obtained by Panllm in his obese patients in geneial, theie appeals to be 
a consideiable highei peicentage of abnoimal lesponses among the Jews 
than among peisons ^^ho weie not Jews 68 pei cent as compared to 
57 6 pel cent This vaiiation may be assumed to be furthei evidence in 
far 01 of the theoiy that theie is a gieatei tendenc}' among obese Jews 
to a loweied sugai toleiance and, consequently, to diabetes, than among 
non-Jewish peisons 

Consideiable attention has been diiected to the piogiessive increase 
in the consumption of sugar dtiiing the past yeais as a factoi in the 
pi eduction of obesit} and, theiefoie, of diabetes Riesman”^ asciibes 
the cause of the increase in diabetes to the greater pei capita consumption 
of sngai added to an inciease m sedentary habits 

Accoiding to Tarloi,-’ 10 pei cent of the population of the United 
States consumes orei 4,000 caloiies daily without the coi i esponding 
necessar} lequiiements foi this amount, while a similai percentage of 
actne woikeis consume less than 2 000 caloiies He concludes that 
the r\ork of piosperity inci eases food consumption while the idleness 
of haul times i educes it 

It IS probable, as Enieison and Laiimoie point out, that '‘among cer- 
tain lacial, economic and age gioups, piospeiity tends to tempt them 
into food habits which exaggeiate the usual disci epancy between the 
amount of food intake and the quantity needed for their respective heat, 
growth, lepaii and rroik lequirements ” 

Accoiding to Tayloi, with the annual addition of 100 pounds of 
sugar per capita to the othei food, 500 caloiies a day alone aie fui- 
nished m the arerage consumption of 3,600 caloiies of sugai Emeison 
and Laiimoie fuinish tables to illustiate that the use oi fall in the late 
of consumption of sugai in the United States, Gieat Biitain and France 
IS followed by a similai use or fall in the death late fiom diabetes 
This fact was especially noted during the period of the Woild Wai 
While it IS evident that theie is a tendency toward inciease in the 
consumption of sugai, this fact alone cannot account for the increase 
in the incidence of diabetes The inci eased consumption of sugai is 
simply an index to the tendency to the use of food in geneial fai 
berond the bodily lequiiements, this is especially tiue aftei middle life 

24 Riesman, quoted bj' Forchhcimer Therapcuscs of Internal Diseases, New 
York, D Appleton & Company, 1914, p 718 

25 Taylor J Home Economics, 16 55 (Feb) 1924, Harvard Economic 
Review 2 283 (April) 1924 
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Taylor ““ sa3'^s that 

Since we are consuming 100 pounds of sugar a 3 'ear as compared with 75 
pounds only a few years ago, this means we are consuming less of cereals, meats, 
fats or oils When the dietary habits of overweight individuals are scrutinized, 
It will be observed that sugar is the food stuff gorged by some, starches by 
others, fats and oils by others, and meats by others There is evidence tending 
to show that the level of average total caloric intake has risen, while the level 
of average physical exertions has declined, the combined result is an increase 
in average body weight after the age of 40 

Directly speaking, however, the average increase in body weight cannot be 
attributed to increase in intake of sugar or any other single food stuff The 
remedy is not a motivated decrease in the intake of sugar, but rather a revision 
downward of the total diet after 40 with increase of physical exercise 


Table 5 — Relation of Death Rate fioin Diabetes to the Consumption of Sugai 
in the United States, Gieat Butam and Fiance 





Death 





Death 


from 

Consumption 

Death 



from 

Consumption 

Diabetes 

of sugar 

from 

Consump- 


Diabetes 

of Suffer 

Bate 

in Pounds 

Diabetes 

tion 


Rate 

in Rounds 

per 100,000 

per Capita 

Rate 

of Sugar 


per 100,000 

per capita 

m 

in 

per 

in 


m the 

m the 

Great 

Great 

100,000 
m Pans 

Pounds 

Tear 

United States 

United States 

Britain 

Britain 

in Prance 

1900 

97 

66 60 

86 

7160 

17 0 

32 49 

1901 

10 3 

69 70 

91 

76 33 



1902 

10 4 

72 SO 

84 

66 47 



1903 

11 3 

70 90 

85 

60 29 



1904 

12 9 

75 30 

93 

70 35 



1905 

ISO 

70 50 

93 

63 34 



1906 

13 0 

7610 

97 

69 35 



1907 

13 9 

77 54 

97 

70 76 



190S 

13 9 

81 17 

10 3 

69 49 



1909 

14 4 

8180 

10 4 

72 40 



1910 

14 9 

81 60 

110 

70 20 

18 4 

40 41 

1911 

14 9 

79 20 

10 6 

75 93 

16 9 

41 09 

1912 

15 0 

81 30 

11 1 

74 69 

17 7 

41 46 

1913 

15 3 

85 40 

U8 

78 53 

16 0 

43 84 

1914 

16 2 

8-129 

12 2 

72 36 

14 3 

25 86 

1915 

17 5 

83 83 

13 2 

65 26 

13 2 

32 83 

1916 

171 

79 34 

13 2 

56 38 

13 4 

31 68 

1917 

17 0 

78 58 

113 

42 11 

13 5 

4107 

191S 

15 S 

73 36 

10 6 

45 70 

96 

13 28 

1919 

14 9 

85 43 

10 5 

59 64 

10 3 

3111 

1920 

161 

86 50 

10 0 

45 04 


39 29 


Finally, while it has been pointed out that all evidence indicates a 
higher incidence of diabetes in the obese, theie is, on the othei hand, no 
evidence to prove that obesity is actually due to the abuse of sugar 
alone, for orerweight is as common whethei it is produced by the 
overuse of carboh} drates, of fats or of alcohol 

Table 5, taken from Emerson and Larimore, presents the relation 
of the death rate from diabetes to the consumption of sugar in the 
United States, Great Britain and France It is cleaily shown that there 
IS a direct relation between the increase in the death rate from this 
disease and a rise in the consumption of sugai and Mce versa 


26 Tailor The Place of Sugar m the Diet, Hjgeia 3 627 (Nov ) 1925 
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CONCLUSIONS 

As a result of oiu obseivations, as well as of those of Emerson and 
Andeis, the following conclusions may be drawn 

1 There has been a maiked mciease m the death rate and incidence 
of diabetes in lecent yeais 

2 The mciease in the incidence of this disease, while it has included 
persons of all ages, has levealed itself most markedly in women at all 
ages and in men o\ er 45 

3 The incidence of diabetes is pi opoi tionately much gieatei among 
the Jewish race This susceptibility has been \aiiously estimated as 
being fiom two to foui times as fiequent as among the lest of the 
population 

4 The cause of the gieatei susceptibility to this disease has as yet 
not been altogether satisfactoiiE established Among the moie fie- 
quent explanations gnen aie lack of proper physical exercise, unsuitable 
dietar} habits, undue nervous sham and maiked tendency to obesity, 
follownng the foil} -fifth }ear of life Without doubt, obesity plays by 
far the most important idle In this connection, Joslin has called atten- 
tion to the important fact that the majoi numbei of casual factois 
lefened to can actual!} be explained on the basis of obesity 

5 The relation of obesity to diabetes becomes moie evident in the 
stud} of blood sugar tolerance cuives in obese persons In 57 pei cent 
of Paullin’s cases a low^ered blood sugar tolerance was noted, and the 
propoition w'as 68 jiei cent in oui obese Jewish patients A ceitain 
numbei of these cases w'cie detected in peisons wnth eaily cases of 
diabetes The vaiiations lictw^een Pauilm’s and oui owm figuies may 
pel haps be emphasized as fuithei evidence in favoi of the theoiy that 
there is a gieatei tendency to diabetes in obese Jews than in persons wdio 
aie not Jews 

6 The mciease in the consumption of sugar dm mg the past yeais 
has been assumed to be a factoi in the pioduction of obesity and, theie- 
fore, of diabetes There is no evidence, how'e\ei, to piove that the 
oveitise of sugai alone tends to produce this condition Obesity can 
be produced as readily by the inordinate use of caibohydiates, fats oi 
alcohol It IS likely that the overuse of food in geneial, togethei wuth 
lack of proper exercise, has been the most important cause of obesity, 
and consequently a direct factoi favoi mg the development of diabetes 

7 Finally, as a lesult of these obseivations, it is appaient that in 
order to lessen the incidence of diabetes, the dietary habits of persons 
with a tendency towaid obesity should be regulated, and adequate 
exercise should be instituted This is especially impoitant m peisons 
past 45, and even more important among the Jewish population 
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In previous papers,^ it was shown that diuresis would not occur in 
animals suffering from acidosis as evidenced by a low alkali reserve 
(Van Slyke) even undei the extreme provocation of the injection of 
25 cc of a 5 per cent solution of sodium chloride per kilogram of 
body weight The following experiment is illustrative of what happens 
in more extreme acidosis 

EXPERIMENTS ON DOGS 

Sodium chloride in the dosage mentioned was injected for ninety 
minutes into a dog weighing 17 kilograms In this experiment the 
flow of urine lagged far behind the rate of injection, so that when 
the animal died after two and one-fourth hours, his water balance was 
595 cc plus This failure of diuresis will result from acidosis of 
various kinds The types that I have noted as demonstrated m experi- 
mental work include (1) starvation acidosis, (2) exhaustion acidosis, 
(3) acidosis caused by acute respiratory infections, (4) acidosis result- 
ing from the injection of hydrochloric acid through stomach tubes, 
(5) acidosis following ether anesthesia and (6) acidosis produced by 
the absorption of the fluid from autogenous edema The latter will 
be exemplified m the following experiment 

Early in the work on this subject, one of the dogs had been tied 
too tightly to the table so that the leather thongs obstructed the circu- 
lation of one paw to such an extent that it became edematous When 
this constriction was loosened and the paw massaged, there was a sud- 
den cessation in the flow of urine This was interpreted to mean that 
there was a pouring out of considerable fluid into the general circulation 
from tissues in a high degree of asphyxia, and that the resultant acidosis 
brought about a fixation of all the free water in the body 

Further experiments of this nature showed that this was unques- 
tionably the case In a previous communication,- it was shown that 
under a given stimulus the amount of water which it was possible to 
cause a dog to exciete was directly proportional to the carbon dioxide 
value (alkali reserve) ® With this m mind, a dog was selected in which 

- From the Department of Surgery, Universitj of Illinois 

1 Andrews, E Water Metabolism I, Arch Int Med 37 82 (Jan) 1926, 
Water Aletabolism II , Arch Int Med 37 559 (April) 1926 

2 Andrews, E (footnote 1, second reference) 

3 \^an Shkc, D D , and Cullen, G E Studies of Acidosis, J Biol Chem 
30 289 (June) 1917 
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the caibon dioxide combining power was 50, and he was injected with 
5 pel cent sodium cbloiide at the late of 25 cc pei kilogram of body 
weight pel houi foi ninety minutes Previous expel lence had shown 
that such a dog would be dehydiated to the extent of about 55 cc per 
kilogiam of body weight, in accordance with table given m a previous 
publication His leg was tied tightly with a leathei thong just before 
the injection was begun and at a point marked “x” in the curve, the 


Table 1 — Fathnc of Avimal Gwen Sodium Chlonde foi Ninety Minutes 

to Dchydiaic 



IntaLo 

Sodium 

Chloride 


Water 



Solution 


Balance 


Time 

Cc 

Urine 

Cc 

Comment 

2 33 




Injection begun, carbon dioxide 351 

2 43 

SO 

10 

Plus 70 


2 35 

ICO 

10 

Plus 150 


3 05 

240 

20 

Plus 220 


S 13 

320 

23 

Plus 297 


3 25 

400 

35 

Plus 303 

Convulsions 

3 35 

ISO 

40 

Plus 440 


3 43 

300 

50 

Plus 510 


3 35 

040 

00 

Plus 3S0 


4 05 

720 

02 

Plus 038 

Injection stopped, chills 

4 15 


70 

Plus 050 


4 


irj 

Plus 303 

Bjspnea, died 

4 30 


125 

Plus 503 



Table 2 — Effects of Leg Tie 

T> cc 5 pei tent sodium chloride per Kllogrnni of body ucigbt nijectcd for ninctj minutes 



IntaXe 

Sodium 

Cliloride 


Water 



lime 

Solution 

Urine 

Balance 

Carbon 


illnutes 

Cc 

Cc 

Cc lemp 

nioMde 

Comment 

0 




50 

Injection begun 

10 

40 

12 

A 



20 

85 

2S 

57 



30 

123 

02 

03 



40 

ICO 

125 

35 

48 


50 

200 

150 

50 

38 

Leg tic loosened 

00 

230 

102 

68 


70 

290 

100 

i24 



60 

333 

ISO 

135 



90 

375 

1S2 

193 



lOO 


18S 

187 



130 


ISS 

187 



120 


195 

160 



130 


195 

180 



140 


197 

178 



130 


197 

178 

23 9 

Died 


constriction was loosened and the leg vigoiously massaged The result 
as seen in table 2 was an almost immediate stoppage in the flow of 
urine In this case the carbon dioxide fell ten jjoinls m eight minutes. 

Numeious othei expeiiments have shown that the fall in carbon 
dioxide value hi ought about by such constiictions varies between five 
and fifteen points The fall is sharp m noimal animals in which the 
danger point is not reached and does not continue, but leaches a maxi- 
mum 111 a few minutes and returns lapidly to noimal 
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The nature of this acidosis was studied exhaustively, and other 
toxins besides the acid in the tissues could not be demonstrated About 
seventy experiments gave negative results These included transfusion 
of blood into other animals, injection of blood from edematous legs, 
injection of filtered edema fluid, extracts of alcohol and ether, filtered 
ground muscle and skin extracted with salt solution Amino-acids 
could not be demonstrated in the fluids in appreciable amounts Injec- 
tions of lactic acid, however, gave similar results, and it seems justifiable 
to conclude that incomplete oxidation of glucose in the tissues was 
the offending feature Clausen^ has arrived at similar conclusions in 
the study of acidosis in infants This substance is rapidly oxidized 
or reconstituted into higher molecules, and thus the rapid lecovery is 
to be explained 

It IS evident that in such an experiment many of the chemical fea- 
tures of uremia have been leproduced artificially The organism is 
acid, and hydremia, increased chlorides and suppression of urine occur 


Table 3 — Table of Leg Ttes* 


Time 






Minutes 

Xo 1 

No 2 

No 3 

No 4 

No 5 

0 

o4 2 

48 6 

47 8 

380 

44 8 

5 


43 8 


386 


10 

39 0 


42 4 



15 


44 8 

42 6 

85 8 

89 6 

20 




40 2 


30 

47 8 

47 0 

43 2 


40 6 


* Lc^ rele iseci it 0 time and leg imssaged vigorously 


Therefore the study was continued, but such overwhelmingly large 
doses were not used From 15 to 20 cc per kilogram of body weight 
of a 5 per cent solution of sodium chloride was injected into a large 
series of animals (forty-se^ en) in which suppression of urine was 
hi ought about by leg ties, and pictures were produced in neaily half of 
them which were strikingly similar to that of uremic coma, the so-called 
‘ Kussmaul picture ” These common factois may be grouped as follows 

1 ^Marked muscular irritability, followed by convulsions and vomiting, later 
muscular relaxation and death after manj' hours or days in coma 

2 Rise in blood pressure followed by marked fall in the later stages 

3 Increased respirations and later pronounced air hunger with forced inspira- 
tions imohing the accessorv muscles, and often typical Cheyne-Stokes breathing 

4 Watery poh uria subsiding into an oliguria with albumin, casts and high 
specific graMty 

5 Occasional extreme hyperpyrexia in the terminal stages 

4 Clausen, S W Anhjdremic Acidosis due to Lactic Acid, Am J Dis 
Child 29 761 (June) 1925 
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6 Rise in the nitiogenoiis elements in the blood 

7 Terminal edemas 

8 “Wet brain,” edema of the central neivous system 

9 Disturbed sugar metabolism with terminal glycosurias 

10 Carbon dioxide progressively lowered 

11 Absence of any pathologic renal condition indicating acute changes 

12 Hydremia 

13 Increase in the blood and tissue chlorides 

The data in table 4 covet the clinical featuies Shoitly aftei the 
injection is begun, theie aie slight fibnllaiy twitchings of the muscles 
A pionoiinced use in the blood piessuie takes place, it geneially rises 
to ovei 200 mg of meicuiy within a shoit time Seveie clonic con- 
vulsions come on lapidly and occui eveiy few minutes, this stage 


Tahle 4 — AihUcial Uicmm 


5f ik <Iofr MPiRhiiig 1(> Kd 




Lrinc 



Specific 

Blood 


'lime 

Intake 

Cc 

Albumin 

Casts 

Gr.nilj 

Pressure Comment 

0 min 






120 

Injection begun 

10 inin 

41 

10 

0 

0 

10 13 

130 


20 mill 

00 

22 

0 

0 

10 10 

120 

Muscular twitclimgs 

SO mill 

135 

•10 

0 

0 

loot 

110 

Leg tie loosened 

10 mm 

ISO 

■12 

tr ice 

0 


170 

Con\ iilsions 

50 min 

223 


0 

0 


200? 

CoHMilsions, dyspnea 

00 mm 

270 


tr ice 



200? 

liolcnt coniulsiODS, mjee- 








tions stopped 

70 min 


40 

+ 



2003 

Incoorciinntion 

SO ram 






200? 

Confused, restless 

00 rain 






200? 


2 lirs 


50 

-p 

lew 


ISO 

Drowsj but easily aroused, 








one convulsion 

') lirs 


50 




ICO 

Bcspirations 28, deeper coma 

fc lirs 


u7 


few 


lOO 

Respirations SO, cannot be 








aroused 

11 lirs 



++ 





23 lirs 


70 



10 21 

7S 

Complctelj comatose, respi- 








r Uions It, pulse 130 

27 lirs 


74 





Tjpical Cbcvne Stokes rcspi 








ration 30 second intervals 

35 lirs 




innnj 


DO 



generally lasts fiom one to one and a half hours Observations of any 
degree of accuiacy on the blood piessuie aie impossible dtiiing this 
period, but it seems to lemam well ovei 200 Vomiting often accom- 
panies the convulsive stage Slight stimuli bung on these convulsions 
Aftei from one to two hotiis theie is a peiiod of drowsiness between 
the convulsions In some cases theie is a lucid mteival between the 
time the convulsions end and the coma begins, and m othei s convulsions 
occur in the eailier stages of the coma In these early stages theie 
IS a maikedly inci eased flow of urine which is of low specific giavity 
and contains no albumin but occasional casts Seveial houis after* the 
beginning of the expeiiment the dog is geneially m deep coma, from 
which he cannot be aioused Theie is little oi no change m this con- 
dition until death, which may occui m fiom four houis to thiee days 
aftei the beginning of the coma Dining the latei stages theie is a fall 
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in blood pressure, suppression of urine or extreme oliguria and laige 
amounts of albumin and casts , air hunger is pronounced The respira- 
tion rises to from 30 to 40 and is deep The accessory muscles of the 
thorax are brought into play and the alae nasi are active Cheyne- 
Stokes respiration is common, and intervals between the groups of 
breaths may be as long as thiity seconds The Kussmaul picture is 
accurate in every detail 

Fever as a terminal phenomenon occurred sporadically in the series 
It generally lose from one to two degiees during the convulsive stage, 
and this rise was maintained until about the end of the period of coma, 
when a further extieme rise might occur Temperatuies of from 
107 to 109 F were usual, but extreme hyperpyrexias were not observed, 
such as were reported b}^ Woodyatt ® (126 F ) or myself ® (120 F ), in 
severe dehydrations As a matter of fact, there is an actual lessening in 
the amount of circulating fluid in the later stages of our experiments, 
as IS shown by the rise in the refractometnc index of the blood at 
this time (table 8) , without doubt this is an element in the case It 
seems reasonable, however, to assume that a more important factor is 
the fixation of all the water in the body in a firm combination with 
proteins at this stage of the experiment, as the acidosis is extreme 
In other words, in spite of an apparent hydremia, all the water in the 
body IS “fixed,” and “free” water is totally absent, this “free” water 
IS necessary in order to allow the heat regulating mechanism to func- 
tion Undei either of these assumptions, the fever can be classed as 
dehydration fever If Fischer’s® experiments on colloids are accepted, 
it IS clear that the p-a range of the tissues under such circumstances 
would bring about the fixation of all the fiee water which an organism 
could possibly contain, and with a carbon dioxide value as low as 15, 
many gallons more would be held if it could be introduced into the 
body Thus he has shown that if frog’s muscle is immersed in 110 cc , 
It swells 41 pel cent, but if it is immersed in 110 cc distilled water 
plus 0 25 cc tenth noimal hydrochloric acid, it swells 51 per cent 
This change in reaction is comparable to the physiologic changes and 
is sufficient to var} the volume 25 per cent (Fischer sec 1, p 80) It 
is obvious, therefore, that the fixation of fluids in the tissues would be 
complete with relatively slight degiees of acidosis 

5 Balcar, J O Sansum, W D , and Woodyatt, R T Fever and the 
Water Reserve of the Body, Arch Int Med 24 116 (July) 1919 

6 Andrews, E Water Metabolism III, Dehydration Fevers, Areh Int 
Aled 37 815 (June) 1926 

7 Reiss, E R Der Brechungskoefficient des Blutserums als Indikator fuer 
Eiw eissgehalt, Inaug , Strassbourg, 1902 

8 Fischer, M F Edema and Nephritis, ed 3, London, John Wiley & 
Sons, 1921 
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PATHOLOGIC CHANGES 

Niiiogcn — In this senes of animals with aitificial uremia the non- 
piotein mtiogen (Fohn-Wu”) averaged 95 mg per hundred cubic 
centimeters of blood Haden and On examined the blood of 200 nor- 
mal dogs, and the average nonprotem mtiogen was 30 8 mg In only 

I I pei cent was it over 40, and the highest was 78 Even these figui es 
aie piobably rathei high, as the aveiage caibon dioxide (Van Slyke) of 
the senes i^as 34, and in half of the dogs it was below 40 In the 
laboiatoiy of the Umveisity of Illinois, dogs that aie well nourished 
and m good condition have almost always had caibon dioxide values 
ovei 40, so that one is led to conclude that the animals used by Haden 
and On weie not in the best of condition The nonpiotein mtiogen 
content in this senes (95 mg ) was not as high as one often finds m 
uremic coma, but it is now geneially undei stood that letention of waste 
mtiogen is not the cause of the toxemia in memia Beaumont and 
Dodds lepoit foui cases of typical uremic coma m which the blood 
urea nevei lose o\er 40 mg pei bundled cubic centimeteis Hogeneng 
and Floi ence ha^ e shown that fish will live and tin ive m 2 pei cent 
solutions of uiea Folm and Dennis have found high uiea contents 

III the blood of cats In 1890, Von Schioedei found 2 6 per cent 
urea in the blood of the dogfish, these obseivations were later con- 
fiimed by Rodier Dennis^® showed that m all elasmobi aiich fishes 
the urea content of the blood was from 800 to 1,000 mg per bundled 
cubic centimeteis Feaion says that uiea is not toxic m the oidmary 
sense, and Hertei showed that the enoimous concentiation of 1 pei 
cent IS necessai} in the blood of mammals befoie any untowaid symp- 
toms developed In such high peicentages, its action is that of dis- 
turbing the osmotic equilibrium of the tissues 

9 Folin, 0 , and Wu, H A Svstem of Blood Analysis, J Biol Chem 
38 81 (Maj) 1919 

10 Haden, R L, and Orr, T G Chemical Findings in the Blood of the 
Normal Dog, J Biol Clicm 65 479 (Sept ) 1925 

11 Beaumont, G E, and Dodds, C E Recent Advances in Clinical 
Medicine, London, P Blakiston’s Son S. Co , 1924 

12 Hogeneng, L, and Florence. G Bull Soc chem dc biol 3 174, 1921 

13 Folin, O, and Dennis, W J Biol Chem 11 87, 1912, Folin, O 
J Biol Chem 14 89, 1913 

14 Von Schroeder, quoted by Fearon Ph>siol Rev 6 429 (July) 1926 

15 Rodier, quoted by Feaion Phj'siol Rev 6 429 (July) 1926 

16 Dennis, W Nonprotein Organic Constituents in the Blood of Marine 
Fishes, J Biol Chem 54 693 (Dec ) 1922 

17 Fearon, W R The Biochemistry of Urea, Physiol Rev 6 429 (Tuly) 
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The enormous uric acid values often found in the blood in gout 
are ample proof that it is not toxic in the amounts noted in uremia 
More important, however, is the demonstration by Fohn that uric 
acid does not accumulate in the blood of nephrectomized dogs 

In view of these facts, it is not surprising that during the short 
time these experiments were earned on theie was not a further increase 
in the nonprotem nitrogen to the enormous values often seen m uiemia 
The absence of such an accumulation strengthens the hypothesis that 
these waste nitrogenous products have little bearing on the subject of 
uremia This point will be further discussed under the heading, 
“Pathologic Changes in the Kidneys ” 

Edema — Gross edema occurred only twice m the series, which is 
not surprising in view of the comparatively short duration of the 
experiments When one considers, however, that but 2 per cent at most 
and often less than 1 per cent of water is added to the organism, it is 
clear that this edema is not simply a matter of superhydration, but that 
It lepresents a change in the allocation of water in the tissues 
Unfortunately, the gross specimens were not successfully photographed, 
but photomicrographs of the muscle tissue in the legs showed marked 
evidence of edema in and about the muscle fibers (fig 1) 

Most of the dogs in the present series showed a marked edema of 
the lungs clinically in the later stages of the uremia This was mani- 
fested by moist rales and expectoration of large amounts of frothy 
mucus Figure 2 is a photomicrograph of such a lung and shows the 
edema of the walls of the alveoli 

From an examination of table 7 it is clear that much of the protein 
in the blood has left the vascular system and is in the tissues Magnus 
has previously demonstrated that as much as 28 per cent of the protein 
might leave the capillaries after injections of salt, although the capillary 
walls are ordinarily impermeable to protein He assumed that salt 
makes them permeable Elliger and Klein -- have pointed out the 
importance of protein that has left the vessels in the further binding 
of the fluid in the production in tissue edema Table 8 also shows that 
the chlorides leave the vessels for the tissues in the terminal stages, 
and one can theiefore assume that in the condition under consideration 

19 Fohn, O , Berglund, H , and Derick, C The Uric Acid Problem, 
J Biol Chem 60 361 (June) 1924 

20 Fohn, O The Nonprotem Nitrogen of Blood in Health and Disease, 
Plnsiol Re\ 2 460 (Jul}') 1922 

21 Magnus, R Vergleich der diuretischen Wirksamheit isotonischer 
Salzloesungen, Arch f exper Path u Pharmakol 64 68 (Aug) 1900 

22 Elliger, H , and Klein, A F Quellungdruck der Eiweisskoerper und 
Diurese, Arch f exper Path u Pharmakol 91 1 (Oct ) 1921 
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Fig 1 — Edema of muscle tissue irom the leg, 
and loss of stnation 


showing separation of fibers 



Fig 2 — Edema of alveolar walls of the lungs 
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the greatei part of the fluid is no longei in the blood vessels but has 
made its way into the tissues The rapidity with which sodium chloride 
will do this has been well demonstrated by Sheri mgton and Copeman,-'* 
who injected one third of the blood volume of 75 per cent sodium 
chloride during flfteen seconds and drew blood at the end of forty-five 
seconds They found that 15 per cent of the injected sodium chloride 
had already passed into the tissues 

Pathologic Changes m the Biain — Fischer states that many of the 
clinical phenomena of uremia are due simply to edema of the central 
nervous system He showed that an mciease of 10 per cent by weight 
constituted a fatal edema of the brain Postmortem examination of six 



Fig 3 — Brain of dog with artificial uremia, showing edema and spreading of 
fibers of white matter 

of the animals in this series showed a typical “wet brain ” Figure 3 
illustrates the hyperemia of the nervous tissues and the edema in the 
white substance of the brain causing a separation of the nerve fibers 
Attempts were made to study the eyegrounds m these cases, and the 
characteristic blurring of the outline of the disk and edema hiding the 
retinal vessels was seen A diminished mtra-oculai tension is char- 
acteristic of the latei stages of human uremia, and in the animals in 
this senes it was several times so marked that the anterior chamber of 
the e}e was actually collapsed and the cornea concave Measurements 
of the intra-oculai tension made by the use of a water manometer 


23 Sherrington and Copeman Blood Volume, J Ph>siol 14 52, 1893 
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connected ^Mth a needle inserted into the anterior chamber of the ejes 
of comatose animals showed that the tension had fallen practically to 
zeio The normal is said to be from 15 to 25 mm (May) 

Glycosinia — profound disturbance m the caibohydrate metabo- 
lism \\as noted in all cases that \\ere studied Several animals had 
sugar in the last few diops of urine passed Estimations on the blood 
sugai and hmph sugar made it clear that had total suppression of 
mine not been the lule, glycosuiia would have been a common occui- 
rence as the iinnaiy threshold w'as often exceeded Similar terminal 
ghcosurias aie w'ell knowm in clinical experience, and therefore one is 
justified in assuming that they aie not due to a leaky kidne}’- but to 
In pergh ceinia Table 5 illustiates this point In eiery case there 

T \BLE 5 — Sugms ni bicmia 






Blood 

lime 

liMlipll 1 

LMliph 2 

LMnph 3 

(average ol 3) 

0 Injection Regim 12P G 

ICSO 

97 2 

ICG 

10 min 

la^iO 

2391 

94 0 


20 niin 

133 G 


07 2 


-.0 min 

131 0 

1S5 0 

021 


■10 min 

12o 1 

107 S 

634 

127 

'0 min 

IT'il 

2.3 4 

02 1 


00 min 

loOl 


92 0 

1C2 

70 mm 

ICGO 

200 4 

SO 7 


SO nnn 



04 S 


oo mm 

1-0 1 

215 9 

1(4)0 

204 

100 min 



112 S 


no mm 

175 0 

246 0 

120 G 


120 mm 

21S0 


126 0 


ItO mm 

331 8 

235 0 

145 S 

193 

3 lirs 



116 0 


0 lir« 




230 

is lir« 




210 

21 lire 




227 

jO lire 




203 

30 lire 




140 


w'as a rise m the blood or hmph sugar, and this generally exceeded 
200 mg per hundred cubic centimeteis In cases in wdiich enough 
urine w^as passed to make a test it contained sugai (table 5) 

It had been assumed previoush that the reason a patient wuth 
nephiitis passed sugar in his urine just befoie he died was that his 
kidney allow^ed it to pass This view is clearly wiong, as hypeiglycemia 
is constant The explanation of this hypergh cemia is simple Glycogen 
stains of sections of the In^eis of the animals in this senes made by the 
carmine method of Best,-^ showed that there w^as a total absence of 
glycogen in the later stages, wdieieas contiols showed large amounts 
of stainable glycogen In a pievious publication-*’ it w'as showm that 

24 Alay, C H Diseases of the Eye, New' York, William Wood &. Co, 1914. 

25 Carleton, H il Histological Technique, New' York, Oxford Unnersity 
Press, 1926, p 175 

26 Andrews, E Water Metabolism IV Sugar Metabolism in Dehydra- 
tion, Arch Int Med 38 136 (Juh ) 1926 
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hydiemia brought about a washing of gl)^cogen out of the livei Cajon 
has shown that edema of a muscle blocks its utilization of glucose 
Roche and Roche also showed that glycolysis would not occur in the 
presence of marked acidosis Schiff and Choremis found that the 
hypoglycemia of fasting could be pi evented by the administration of 
fluids It is evident, therefoie, that all the glycogen has been washed 
out of the liver and at the same time its utilization in the muscles has 
been prevented when acidosis and edema have been produced, therefoie 
glycogen simply accumulates in the blood 

Actdosts — A progressive fall in carbohydi oxide occurs in eveiy 
case This happens not only during the injection of chloride but also 
continues after the injection has been stopped, and the carbon dioxide 
leaches as low levels as those often seen m uremic coma (table 6) 
This acidosis is not a featuie of the so-called aitificial uiemia which 
IS brought about by nephiectomy 


Table 6 — Actdosts 

Carbon dio\ide combining power (Van SlyKe) 


'lime 


0 injection begun 

42 S 

1 hour injection ended 

386 

2 hours 

370 

3 hours 

36 8 

0 hours 

30 2 

11 hours 

22 8 

22 hours 

20 0 

25 hours 

19 8 

31 hours 

15 6 


Pathologic Changes m the Kidneys — It is well known that one 
generally cannot coi relate the clinical and microscopic pictures in uremia 
Evidences of acute exaceibation of nephritis of long standing are 
usually absent The changes seen are old, not acute ones causing 
suppiession of urine Neither suppression of urine alone nor double 
nephrectomy causes any of the clinical symptoms of uremia There is, 
of course, a piling up of nitrogenous waste products in the blood, but 
nevei under any circumstances does the clinical picture of uremia arise 
After double nephrectomy or ligation of both ureters, dogs live from 
four to ten da)’'s m a practically noimal condition Figuie 4 represents 
a dog five days after double nephrectomy He was active, played about 
the laboratory and had a good appetite Such an animal dies rather 

27 Cajon, F A , Crouter, C Y , and Pemberton, R The Effect of 
Changes in the Circulation on Carbohydrate Utilization, J Biol Chem 66 89 
(Nov ) 1925 

28 Roche and Roche pvi Concentration and glycolysis, Hospitalstid 69 1002 
(Oct 14) 1926, abstr J A M A 88 138 (Jan 8) 1927 

29 Schiff, E , and Choremis, C Exsiccation and Carbohydrate Metabolism, 
Jahrb f Kinderh 114 42 (Sept ) 1926 
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Fig 4 — Dog five clays after double nephrectomy, no signs of uremia 



Fig 5 —Normal kidney of clog with artificial uremia, showing tubules 
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suddenly, apparently fiom inanition, without symptoms such as are 
ordinarily manifested in the terminal stages of nephritis Clinical and 
histologic studies of such animals leveal none of the characteristic 
changes of uremia except the high nonpiotein nitrogen If, however, 
such an animal is injected with hypertonic salt solution in sublethal 
doses, the picture already desciibed is promptly seen These similaiities 
hold good m the clinical, histologic and chemical changes described in 
tins paper 



Fig 6 — A^ormal kidney of dog with artificial uremia, showing glomerulus 
under high power magnification 

Scarcely any microscopic changes had occurred in the kidneys 
of the uiemic dogs in this series The glomeruli were invariably 
noimal The straight tubules and the loops of Henle were normal 
Shgli^ changes, ceitamly falling far short of those necessary to make 
a diagnosis of nephntis, were noted in the convoluted tubules, they 
were not extensive enough to cause blocking (figs 5 and 6) 

In this series theie w^as a dog with chionic interstitial nephritis 
(fig 7), and microscopic examination failed to reveal any new changes 
Cloud} sw elling, edema and glomerular degeneration were conspicuously 
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absent These points lend great weight to the opinions of those who 
believe that the cause of nephritis is to be sought in a general metabolic 
distui bailee and not m the kidneys In these experiments, at least, it 
IS clear that the kidneys were not lesponsible for the suppression 
of mine The watei'and salts are fixed in the tissues, and suppression 
of urine can occui without histologic changes in the kidneys 

These results are m accord with the views already expressed by 
Fischer, namely, that edema is not due to renal obstiuction The 
clinical reports of Aldrich and McClure,^® and Aldrich are strong 
confirmations of this thesis By means of the intradermal salt solution 



Fig 7 — Artificial uremia, produced in old nephritic animal Changes were 
all old There was no cloudy swelling or acute degeneration 

test, they showed clearly that at the end of an attack of acute nephritis, 
the diuresis did not begin until the tissue thirst had definitely subsided 
Aldrich expressed similar views and elaborated on the mechanism m 
a more recent paper Y olhard is also of the opinion that edema is 

30 Aldrich, C A , and McClure, W B Time Required for the Disappear- 
ance of Intradermallj Injected Salt Solution, J A AI A 86 293 (July 28) 1924, 
The Intradermal Salt Solution Test, JAMA 82 1425 (May 3) 1924 

31 Aldrich, C A The Clinical Course of Generalized Edema, JAMA 
84 481 (Feb 14) 1925 

32 Aldrich, C A The Treatment of Nephrosis, Am J Dis Child 33 163 
(Aug) 1926 

33 Volhard, F Die doppelseitigen hematologischen Neirenkrankheiten Berlin 
1918 
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not due directly to renal lesions Marriott,®^ Clausen and many 
others who have studied the pioblem recently aie in accord on this 
subject 

JVatei and Chloudes — In the experiment with chlorides, while the 
injections continued there was a progressive rise both in the water and 
in the chlorides of the blood, but a fall in both began promptly as soon 
as the injections ceased (table 7) Table 7 is given to show that these 
injections did not cause the amount of chlorides in the blood and lymph 
to rise above the leA^els found clinically in uremia This is a short 
experiment in which death occurred rapidly just about the time the 
amount of blood and lymph chlorides began to fall Table 8 shows 
what happened in the later stages In this case the suppression of 
uiiiie was only partial, and relatively little water was added to the 
organism as a whole The progressive fall in the blood and lymph 
chlorides after the injections stopped is shown clearly The lefracto- 


Table 7 — Chloi ides 


Tune 



Urine 


Blood 


Lymph 


Minutes 

Intake 

Urine 

Chlorides 

Cl 

Sugar 

Protein 

Chlorides 

Comment 

0 

0 

0 

363 

437 

129 

62 

260 

Carbon dioxide 34 5 

10 

140 

20 

478 

470 

135 

54 

285 

Injection begun 

20 

185 

68 

512 

503 


57 

305 


30 

225 

71 

542 

477 

125 

51 

259 


40 

235 

73 

534 

526 

175 

46 

319 


50 

270 

76 

537 

528 

159 


322 


GO 

335 

78 

517 

520 

166 


315 


70 

430 

81 

538 

526 



319 


80 

525 

87 


548 

159 

4 5 

332 


90 

610 



569 


46 

345 

Injection stopped 

lOO 




607 

175 

34 

368 


120 




642 

218 

2 9 

389 


130 




700 

331 

28 

424 

Carbon dioxide 15 9 

140 




670 


28 

406 

Died 


metric leadings and chlorides were taken from another animal, they 
illustrate how, in the later stages of the expeiiment, the chlorine made 
its way out of the blood while water passed from the blood into the 
tissues and caused anhydremia which piobably explains the terminal 
dehydration fevers m these experiments A count of the red blood 
cells and estimations on the hemoglobin confirm this Table 9 shows 
what became of the chlorides It is evident that the liver and brain 
have the greatest affinity for chlorides This is a constant phenomenon 
checked many times and to a great extent explains why edema of the 
central nervous system is often a prominent feature clinically Edema 
occurs in the brain before it occurs in any other organ, as is evidenced 
by the clinical phenomena and by the characteristics of the “wet brain” 
in cases in which edema cannot be demonstrated in other organs 

34 Marriott, W M Parenchymatous Nephritis in Children, M Clin N 
Amer 7 1413 (March) 1924 

35 Clausen, S W Parenchymatous Nephritis, Am J Dis Child 29 581 
(May) 1925 
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Pathologic Changes m the Ltvcj — I want to call attention to the 
most stiikmg pathologic changes noted As table 9 shows, there was 
a marked concenti ation of chlorine in the liver In the more seveie 
cases a peculiar change in the cells of the liver was found They 
appealed to be hteially falling to pieces (figs 8 and 9) There was a 
tiemendous swelling of the cells, and the more peiipheral portions of 
the C 3 '-toplasm was actually fiothy Myriads of vacuoles were present 
m the cytoplasm, especially m the outei paits A striking peculiarity 


Table 8 — Chlondcs 


Unne mpli Blood * 

J L A A_ 


Time 

Intiike 

^0l 

Chlorides 

Ref 

Chlorides Ref 

Chlorides 

Comment 

0 





57 

513 

Corbon dioxide 31 0 

10 min 

2S 

3 



259 


Injection begun 

20 min 

60 







SO inin 

130 







40 min 

210 

21 

130 


257 



"lO min 

2S0 

70 

507 





CO inm 

-50 

1S7 

525 


257 



70 in in 

420 

213 

554 

40 0 




SO min 

4S0 

2% 

553 

41 0 

209 



00 min 

405 

352 

557 

37 5 



Injection stopped 

100 mm 


375 

023 

300 

352 



110 min 


SOI 

017 

35 0 




120 min 


400 

054 

35 5 

334 



ISO min 


4flS 

714 

34 5 

334 



140 mm 


410 

?21 

32 0 

325 



ISO mm 




31 5 




100 mm 


411 

375 

29 5 

330 



170 mm 




31 7 

305 


Carbon dioxide 24 5 

ISO mm 




35 5 

307 


Died 

C lirs 





42 

814 


12 hrs 





47 

000 


18 hrs 





51 

527 



‘ I roin suiiil.ir cxpcninrnt 



Tabi r 9 

— Chloiidc<; til 

Ot gaits 




Uremic Dogs 




t 

5 Hours 

18 Hours 

72 Hours 


Controls 

Cc 

Cc 

Cc 

Blood 

513 

007 

5G0 

520 

Nu=cle 

309 

33S 

297 

503 

Brain 

412 

402 

530 

825 

Lij er 

195 

33S 

495 

783 


IS that the nuclei in every case weie normal, only the cytoplasm took 
part m the degenerative changes The pathologic change m the liver 
was the only real cellulai degenei ation that I noted in the expeiimental 
animals, and, as I shall attempt to show, was probably intimately con- 
nected fundamentally with the cause of the uiemic toxemia 


COMMENT 

From this series of experiments it is clear that the uremic syndrome 
in Its entirety can be reproduced by the distuibance of the acid-base 
equilibrium and the mineral salt balance According to the views of 








I’lg 8 — Degenerative changes in liver in artificial uremia under low power 
magnification 



Fig 9 — High power magnification of figure 8 
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Macallum and otliei biologists, life began in water without inoiganic 
salts, and mammalian tissue fluids have the salt content of the Cambrian 
seas at the time when oui ancestois left the sea The membrane of the 
cell has de\ eloped as a piotection against enviionments with diffeient 
mineial content, and the nucleus has a membrane which is completely 
impel vious to salts, as Macallum®" has shown that the nucleus is free 
from inoiganic mateiial This is inteiesting in view of the fact that 
in the iDiesent expeiiments the nucleus did not take pait m the degen- 
eiative piocess One is not surprised to find that the commonest dis- 
ease of mammals, a disease which partakes of the nature of old age, 
should piove to be a bieaking down of the metabolism of inoiganic 
salts Anolhei inteiesting point in this connection is the demonsti ation 
by Reiss®® that the nucleus of the cell is noimal {pn — 7) while the 
cytoplasm has a pn of fiom 5 to 6 due to caibon dioxide 

It has been shown by many woikeis whose mateiial is well summed 
up by Hambuiger®® and by Jacobs that this defense is a cell mem- 
biane which consists of a layer of emulsion of lipoids in which is con- 
tained the gi eater amount of the mineial salts m the cell Pascucci 
has made a membiane artificially by impregnating silk with lecithin and 
cholesteiol and has shown that it would behave m many respects in the 
same mannei as a living membrane The peimeability of this membiane 
is influenced by the relative concentration of potassium and calcium 
ions Loeb has shown that sodium favors the entiance of potassium 
ions into the cell The evidence is now ovei whelming that increases in 
the alkali metals bung about inci eases m cell peimeability The work 
of Jacobs, Loeb, Clewes, Haivey, Ostehout, Overton and many otheis 
has established this without a doubt Cases of deci eased peimeability 
lesulting from calcium aie neaily as common Besides the afoie- 
mentioned wiiteis, Tiue, Bartlett, Laquer, Rosenow, Magnus and many 
otheis have contiibuted to this field Hamburger ‘® has also shown 

36 jMacallum, A B The Palaeochemistry of the Ocean ni Relation to 
'\nnTial and Vegetable Protoplasm, Tr Canad Inst 7 535, 1904 

37 Macallum, A B The Palaeochemistry of Body Fluids and Tissues, 
Physiol Rev 6 316 (April) 1926 

38 Reiss, P Quelques doiinees sur Ic pn infeneur apparent du protoplasme 
et du noyon. Arch de phys biol 4 35, 1924 

39 Hamburger, li J A Discourse on Permeability, Physiological and 
Pathological, Lancet 2 1039 (No\ 19) 1921 

40 Jacobs, H M General Cytology, University of Chicago Press, 1924, p 99 

41 Pascucci, quoted by Jacobs (footnote 40) 

42 Loeb, J Sodium Chloride and Selective Diffusion in Living Organism, J 
General Ph>siol 5 231 (Nov ) 1922 

43 Hamburger, R Ueber die Bedeutung der Kalium-und Calciumionen duer 
das kuenstliche Oedem und fuer Gefaessweite, Biochem Ztschr 129 153, 1922 
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that artificial edema may be produced by solutions deficient m calcium 
Thomas has reproduced this phenomenon in vitro and has shown that 
the important point is not the concentration of either the potassium or 
the calcium ion but the relation between the two 

It has also been ampl}'- demonstrated by the work of Little, Overton, 
Troendle, Jacobs, Harvey, Bethe and others that increase in the 
hydrogen ion concentration brings about an increased permeability of 
cells Of special interest in this connection are the experiments of 
Koeppe,^® who showed that an increase of carbon dioxide rendered cells 
more permeable to chlorides These observations have been confirmed 
by Henderson and Spiro 

In view of these facts, it is clear that injections of chlorides into 
animals that were unable to get rid of them on account of acidosis oi 
nephrectomy must have caused a tremendous increase in the permeability 
of the cells in the organ which holds the most chlorides, the liver It 
IS even within the range of probability that such an increase of permea- 
bility took place that the cells really fell to pieces It has already been 
shown that the cells were no longer able to retain the carbohydrates 
which make their way into the blood 

The work of Andrews^" and of Hewitt^® has lecently called atten- 
tion to the fact that uremic patients have substances in their blood that 
give a positive diazo reaction (Ehrlich) Becher is of the opinion 
that these originate m the tissues They probably are partial oxidation 
products of protein Blotner and Fitz confirm these observations, 
and show that aftei nephiectomy in dogs, positive diazo reactions can 
be obtained in from twenty-four to forty-eight hours In the artificial 
uremia in this series (table 10), while the control nephrectomized 
animals gave negative reactions throughout, those injected with hyper- 
tonic salt solution gave positive reactions within a short time This 
IS probably to be interpreted as a leaking into the circulation of paitially 
oxidized nitrogenous products which are oi dinanly held within the cells 

44 Thomas, W H Personal communication (work as yet unpublished) 

45 Koeppe, H Phj siologische Kochsalzloesung, Arch f d ges Physiol 65 
492, 1897 

46 Henderson, L J , and Spiro, K Zur Kenntnis des lonengleichgewichts 
in Organism Biochem Ztschr 15 105, 1909 

47 Andrews, C H Unexplained Diazo-Colour Reaction in Uremic Sera, 
Lancet 1 590 (March 22) 1924 

48 Hewitt, L F The Diazo Reaction m Uremic Sera, Biochem J 19 171 
(Feb) 1925 

49 Becher, E Diazo and Urochromogen Reactions in Renal Insufficiency, 
Arch f klm Med 148 10 (July) 1925 

50 Blotner, H , and Fitz, R The Diazo Tests in Nephritis, JAMA 
88 985 (]\Iarch 26) 1927 
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The origin of albumin in the mine has as yet not been demonsti ated 
One IS tempted to enteitam the possibilit}'- that the liver is the source 
in these cases It is known that the kidneys aie peimeable to all 
piotems except blood pioteins If othei proteins are injected intrave- 
nousl}’-, they aie eliminated quantitatively Howevei, such a condition 
eventually in j rues the lenal epithelium to such an extent that it becomes 
peimeable to blood pioteins as veil In view of the obvious increase 
m permeability in this case, and especiall} m view of the fact that it 
has been demonstrated that the livei allous both carbohydrates and 
soluble nitrogenous elements to escape, tbe suggestion that proteins 
leak fiom it into the blood seems plausible, the precipitation leactions 
of these uiinaiy proteins are being studied according to the technic 
lecently published by A^’elker, Thomas and Hektoen 

The calcium content of the bod} cells is difficult to ascertain with 
any accuiac}* Most of the studies on calcium in i elation to permeability 
have been made on lower animals, oi indiiect methods have been used 
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It IS knor\ n that blood calcium has little i elation to the calcium retained 
m the cell membrane in a piotem hpoid complex Injection of large 
amounts of calcium into the veins is followed by rapid elimination and 
must often be repeated to maintain a high blood level, and then one 
is never sure that the calcium is being incorporated into the tissues 
The woik of Hiishhoin and Maendl on this phase of the problem 
leaves us in doubt as to the mechanism of its action Walters®^ and 
his associates have shown that enormous doses of calcium are necessaiy 
to counteiact the tendency to hemorrhage in obstructive jaundice, in 
fact, such large amounts that but infinitesimal piopoitions of a dose 

51 Welker, W H , Tliomas, W H, and Hektoen, L Unnarj^ Proteins, 
J A M A 86 1333 (Ala} 1) 1926 

52 Hirschhorn, J , and A'laendl, H Wien Arch f inn Aled 4 379, 1922 

53 Walters, W , and Bowler, J P The Preoperatn e Preparation of Patient 
with Obstructive Jaundice, Surg Gyiiec Obst 69 200 (Aug ) 1924 Walters, W 
Preoperatn e Preparation of Patients with Obstructive Jaundice, Alinnesota Aled 
6 25 (Jan ) 1925 
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could make its wa} into the cell It is cleaily a case of application of 
the law of a mass action Papers by Blum and otheis,®'* Lowenberg 
and othei s, Rockwood and Barriei,”® MacCallum,®" Forges and Pibram,®® 
and many othei s have noted the diuietic effects of calcium, under 
ceitain conditions, especially m some types of edema, but the results 
are uncertain Some brilliant lesults are repoited, and in other appai- 
ently similar cases the effect is nil The crux of the matter seems to 
be the difficulty to distinguish between the “transient” moiganic cal- 
cium and the calcium bound up m a protein hpoid complex 

Hetenye and Nogradi have recently demonstrated that m nephritis 
there is a delay in the excretion of calcium salts One might assume 
that m such cases it is needed All studies m calcium metabolism are 
handicapped by the fact that calcium is so largely excreted by the bowel, 
and theiefoie measured with great difficulty, for that reason, only 
blood studies made over short periods of time in response to definite 
stimuli can be of much value The important studies of Boyd and 
others®” are subject to this criticism They demonstiated an increase 
in calcium in the blood of nephritic children and a deciease in potassium 
This might be assumed to mean that there was a pouring out of calcium 
from the tissues into the blood, since further increase of this calcium 
by injection is of benefit, it is difficult to interpret it any other way 

The experiments of Petersen in anaphylaxis are an excellent 
example of the method which gives the leal answer to the problem 
He and his co-workers inserted a cannula into the lymph duct of dogs 
and measured the calcium produced by the injection of bacterial protein 
during shock Their work showed clearly that there was a sharp rise 
111 the calcium and a corresponding fall m the potassium m the lymph, 

54 Blum, L , Aubel, E , and Hausknecht, R L’action diuretique des sals de 
calcium dans les edemas generales, Bull et mem Soc med d hop de Par 2 1561, 
1921 

55 Lowenberg, H L’action cardiotonique et I’action diuretique du chlorure 
de calcium, Ann de med 13 172, 1925 

56 Rockwood, R , and Barrier, C The Calcium Treatment for Edema, Arch 
Int Med 33 643 (May) 1924 

57 MacCallum, J B The Influence of Calcium and Barium on the Secretory 
Activity of the Kidnev, Univ of Calif Publications (Physiol ) 2 31, 1904-1905 

58 Porges, O , and Pibram, E Ueber den Emfluss des Calciums auf 
Diurese, Arch f Exper Path u Pharmacol 59 30 (June) 1908 

59 Hetenye, G, and Nogradi, S Calcium Excretion Through the Normal 
and Diseased Kidnej, Klin Wchnschr 4 1308 (July 2) 1925 

60 Boid, G L , Courtney, A M, and MacLachlan, E The Metabolism of 
Salts in Nephritis Am J Dis Child 32 29 (July) 1926 Boyd, G L , and 
Courtnej, A jM The Metabolism of Salts m Nephritis, Am J Dis Child 32 
197 (Aug) 1926 

61 Petersen, W F , and Hughes, T P Inorganic Alterations of the Lymph 
in Anaphylactic Shock, J Biochem 63 179 (March) 1925 
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which can only be mleipieted to mean that the calcium was being dis- 
posed of by the cell and the potassium absoibed, which is in complete 
accoid with the known factois of the peimeability m such cases This 
is the fiist answei to the question m unequivocal teims Theie can be 
no othei mteipietation than a fall in the cell calcium and a use in the 
cell potassium coi i esponding to sudden great inciease in peimeability 

Thiee such experiments weie made on animals in which uremia 
was induced, and definite lesults weie obtained The cuive in fig 10 
shows the aveiage of the thiee It is definitely shown that theie is a 
sudden increase m the amount of calcium in the lymph coming fiom 
the cells, which aie becoming more peimeable This coincides with the 
injection of sodium chloiide 

With these points m view, attempts weie made to induce uiemia by 
the injection of Locke’s solution, which has the propei calcium- 
potassium latio The syndiome pioduced was not so seveie or piompt 
m Its onset, but neveitheless was typical With the woik of Walteis in 



INJECTION BEGUN 
(lO MIN intervals) 

Fig 10 — Cunc showing average result of injection of calcium in artificial 
uremia 

mmd, injections of hypei tonic salt weie made as befoie, when the 
convulsions ueie at then height and fuithei injections of an ovei- 
whelmmg dose of calcium weie given (1 Gm calcium m a dog weighing 
8 Kg ) The lesults weie suipiismg Theie was a piompt cessation of 
convulsions, uimation ])egan, and the dog made a complete lecoveiy 
It IS clear that the numeious theiapeutic attempts to use calcium have 
a logical basis, but enoimous doses aie necessary It is doubtful 
whethei oial admmistiation can evei be of any value All the dogs used 
m the expel iments weie fed bone ash as a loutine, and this did not 
have any effect It is the oiganic calcium which is needed, and over- 
whelming doses aie necessaiy to bung into play the law of mass action 
to bung calcium lapidly into cells The favoiable lesults following 
the administiation of paiathyioid extiact lepoited by Mason®- aie 

62 Mason, EH A Case of Chronic Nephritis Treated with Collip’s Para- 
thyroid Extract, Canad M A J 16 538 (May) 1926 



570 


ARCHIVES OF INTERNAL MEDICINE 


suggestive, it is notewoithy that the increase in blood calcium was 
slight, much less than can be induced by small doses given intravenously, 
but tbe inciease represents organic calcium and the method is theiefore 
effective 

SUMMARY 

If animals in which suppression of urine is brought about by eithei 
nephrectomy or acidosis aie injected with hypei tonic salt solution in 
amounts such that the chloiide content of the blood is comparable to that 
111 uremia, they pass into a condition closely resembling uremia Eveiy 
manifestation of uremia seen m the human being is reproduced This 
IS true of the histologic and chemical factors as well High blood 
pressure, convulsions followed by coma, "wet biain” and suppression 
of urine are cardinal points 

Both the chlorides and water rapidly make then way fiom the blood 
into the tissues The brain and liver have the highest chloiide contents, 
and are the oigans chiefly involved There is marked degeneration in 
the liver which is shown to be due to an increased sodium-calcium at 
ratio which lenders the liver cells peimeable 

One seems justified in assuming that these degenerative changes in 
the liver are the fundamental source of the uremic toxins, that 
albuminous substances are allowed to escape into the blood on account 
of the destruction of the cell membranes, and that this is the source of 
the albumin in the urine in nephritis 

CONCLUSIONS 

1 All the clinical, chemical and histologic features of uremia may be 
reproduced by disturbing the mineral metabolism, even m the presence 
of normal kidneys 

2 Recent clinical attempts at calcium therapy in nephritis have 
ample experimental basis, but enormous doses will be needed, and a dis- 
tinction must be drawn between transient calcium and calcium actually 
mcoiporated into the body cells 
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jMcxfouiAs no I^STITUTO BE BuTANTAN Volumc 1, HO 1, 1918, volumc 1, no 2, 
1918-1919 volume 2, no 1, 1925, volume 3, 1926 Addenda to the Memonas, 
voknne 1, no 1, 1921 Sao Paulo, Brazil Inst of Butantan 

These interesting volumes deal mostl}' with problems of tropical medicine 
Much of the material for the studies is furnished by the poisonous spiders and 
snakes of the neighborhood of Sao Paulo The scientific standards set in this 
institute of immunologj'' are high Much of the work consists of careful study 
and classification of the flora and tauna of the region, and each number contains 
monographs on the structure and biology ol the poisonous snakes These articles 
are ah\a 3 s laMshlv illustrated with drawings, photomicrographs of the poison 
glands and photographs showing the habits of the snakes One whole volume 
(the Addenda) is given to a description of a small snake, Lachesis, a close 
relative of our rattlesnakes, which dwells almost entirely in trees and lives on 
birds The venom of this reptile is fatal to birds if injected m amounts as 
infinitesimal as 0 00001 Gm An exceedingly powerful antitoxin was prepared 
against this venom 

Volume 1, number 1, is mostlj' concerned with the flora and fauna of the 
region, and contains a long article on a genus of insectivorous plants and a 
series of histologic studies of the poison glands of several species of snakes 
These biologic studies are important on account of the great specificity of the 
antitoxins and the need for rapid diagnosis concerning the source of the lesions 
clinicalh For example, Dr Vital Brazil, now director oi the institute, reports 
in this number the picparation of a powerful antitoxin for scorpion bites Even 
in this case its clinical efficiency varied greatly for different species of scorpions 

Volume 1, number 2, is noteworthy on account of an elaborate monograph on 
filanasis bi Dr Afranio Amaral The various pathologic conditions are classi- 
fied, studied and se\eral types of filaria are found The specificity of these types 
for different tissues and regions is w'cll marked A complete series of histones 
IS gnen with the protozoal observations in each case Thorough hematologic 
observations show'cd that there is a characteristic cosinophilia which is more pro- 
nounced during the night and a slight increase of small lymphocytes wdiich 
becomes much more marked during the night During the febrile exacerbations, 
there is a moderate leukocytosis of the polymorphonuclear type 

In considering the therapy of filanasis, one must remember that the first 
consideration should be directed against the organism Chemotherapy has been 
disappointing The one measure at command is radiotherapy, this has yielded 
encouraging results, especially in those lesions in w'hich knowdedge of the patho- 
logic anatomy is sufficient to indicate to wdiicli parts to apply the rays Surgery 
IS of no avail in the acute stages and, if applied injudiciously, it may be the 
means of bringing about a dissemination of a localized disease In those cases 
in W'hich the filaria are already dead or the process has become stationar}', “the 
cold cases,” surgical measures give brilliant results This is, however, definitely 
limited to the sequelae of filanasis In such conditions operations to improve 
or to anastomose lymph channels (the Kondoleon operation) are generally 
insufficient per se In addition, radical excisions of the lymphangiectatic areas 
are necessary, and the results are good The tissue healing is surprisingly good 
in such edematous conditions 

Another interesting contribution in this number is Amaral’s report on the 
healing of phagedenic ulcers under the influence of the local application of dried 
normal serum This measure seems to be almost specific in such conditions, it 
IS followed almost overnight by the disappearance of the offending spirochetal 
flora, and rapid cicatrization takes place An adequate explanation of this phe- 
nomenon can not be found 
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Volume 2, number 1, contains a report of the work of Brazil and Vellard on 
spider venoms , twenty varieties were studied, and specific antiserums were 
prepared These are all highly specific, and therefore the recognition of the 
type of spider is important The administration of antitoxins not only has the 
general effect of combating the neurotoxins but acts strongly in preventing or 
healing the enormous ulcers that result from such bites The nature of these 
poisons IS unknown, but they have certain peculiarities which sharply dis- 
tinguish them from most others They are not entirely destroyed by heat less 
than 100 C , and they are resistant to the action of chemicals 

Vaz’s article on the immunization of animals by mouth against the Shiga 
bacillus IS also well worthy of study 

In conclusion, one is led to regret that the material from this institute is 
not available in the American literature Much of our fundamental knowledge 
of immunology was acquired by study of materials of the class here included, 
and one can not but feel that future progress will be made by the study of the 
immunity reactions of these substances which are far simpler than bacterial 
proteins 

The third volume of the report of the work done by Dr Vital Brazil and his 
associates is an imposing one, and covers a wide field of studies in immunology 
The major portion of the work, however, deals with the toxicology and biology 
of the tropical fauna of the neighborhood of Sao Paulo The book is liberally 
illustrated with photographs, some in color 

Among the most noteworthy contributions is the study of Dr Vellard on 
toxic secretions from the skin of toads This interesting material is not a 
protein, it dries rapidly in air, can be redissolved in distilled water, saline solu- 
tions, alcohol, ether and chloroform It resists without change temperature ot 
160 degrees, the action of light, time and strong acids and alkalis, with which 
It gives off color reactions This substance is exceedingly toxic when intro- 
duced either parenterally or orally, it produces nausea and vomiting, followed 
by paralysis and violent convulsions and death from respiratory failure The 
action on the heart is similar to that of digitalis, causing an augmentation of the 
force of the beat and stoppage in systole 

The previous reports of Vaz on the possibilities of immunization by mouth 
to the Shiga bacillus are continued and give great hope that this simple method 
may be of great use as a public health measure The vaccine is made by killing 
a twenty-one day culture in bouillon with solution of formaldehyde A dose of 
20 cc of this vaccine by mouth will completely immunize a rabbit against the 
development of experimental dysentery 

Next follow'S a continuation of the studies of the bufo toxin — a complete and 
elaborate experimental demonstration of the physiologic action of this interesting 
substance It is showm to have a markedly exciting action on unstriated muscle 
tissue, and it can be demonstrated that this is not due to epinephrine content 
of the secretions as has been suggested by other authors The third memoir 
on the toxins of the forms of tarantula found m the neighborhood of the Sao 
Paulo IS also worthy of mention There is wide variation in the toxic content 
of the gland of the various species of the spiders examined, but only two real 
Aenoms were found, and against these twm exceedingly powerful antitoxin 
serums are produced wdnch have been demonstrated in a large number of cases 
to have brilliant clinical results 

Bas-^l Metabolism in Health and Disease, By Eugene F DuBois, MD, 
Medical Director Russell Sage Institute of Pathologj, Associate Professor 
of Aledicine, Cornell University Medical School, New York Price, S5 
Pp 431 Philadelphia Lea & Febiger, 1927 

In this second “thoroughly revised” edition of his book, DuBois states 
that he attempts to bring basal metabolism out of the realm of pure phys- 
lologA into the domain of clinical medicine The attempt is excellent, but 
the task is not an easy one “The domain of clinical medicine” is by no 
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means a simple, homogeneous organization with one aim m view, nor is it 
easily understood From the remote rural district to the clinic of a modern 
medical school is a long way One cannot read this excellent book without 
considerable speculation concerning the response it would receive from the 
various sections of said “domain ” 

In the first part of the book there is much that is necessarily academic, 
especially from the standpoint of the clinician, and still he finds here such 
useful discussions as that in the second chapter, in which the physiology of 
carbohj drate, fat and protein digestion and the influences of these substances 
on metabolism are reviewed Also “the factors which influence the normal 
basal metabolism” and “theories concerning the basal metabolism” are easily 
concise contributions to the clinician’s daily needs in understanding the task 
that he attempts in caring for any group of sick people 

The second part of the book deals with metabolism in disease and for 
one not concerned with the technical side of these studies, it is more interest- 
ing and more useful than the first What physician does not deal with the condi- 
tions ‘ undernutrition” and “ovei nutrition and obesity” ^ The regulation of weight 
b} appetite, the specific djnamic action of food, endocrine disturbances and 
the influence of heredity are important subjects considered under the subject 
of obcsitx 

In the chapter dealing with metabolism m diabetes the variations encoun- 
tered are described and, as far as possible, explained There is careful detail 
concerning the influence of various arrangements of diet on the metabolism 
of the diabetic patient The results obtained by many gioups of workers who 
have concentrated their efforts on this problem are extensively quoted 

There is a timelv warning against placing too much emphasis on the 
metabolic rate alone in the diagnosis of disease of the thyroid Naturally, 
the chapter dealing with disease of the thyroid is relatively long In it is 
presented a usable summaiy of the important contributions that have been 
added to the literature of the subject through studies of metabolism 

The subject of fever is found most interesting and instructive Here one 
finds clear discussion, based on quantitative determinations, of many symp- 
toms and factors that are commonplace with clinicians and research workers 
Overproduction of heat, diminished elimination of heat, changes that accompany 
chills and fever, relation of changes m metabolism produced during fever 
to changes produced by diet, are subjects clearly presented 

There is much else to commend in this book When one has finished 
reading it. he feels that it has a definite value for clinician and investigator 
and that the author has gone far toward accomplishing the purpose described 
in his preface It is most appropriate that such a contribution should come 
from the Russell Sage Institute where so much earnest effort has been made 
111 the study of metabolism 

Birth Injurifs or thf Central Nervous System Part 1 Cerebral birth 
injuries and their results, by F R Ford of Johns Hopkins School Part 2 
Obstetrical injuries to the spinal cord b> Bronson Crothers and Marion C 
Putnam, Harvard Medical School Price, $4 Pp 220, with 70 illustrations 
Baltimore Williams & Wilkins Company, 1927 

Part one deals with the sources of intracranial hemorrhages occurring at 
birth as coming from (1) the small tentorial vessels, (2) vena magna galeni, 
which may rupture as the result of distortion during the molding of the head, 
(3) cerebral veins, namely, the superior longitudinal sinus, (4) in the severe 
types, from injuries of the superior longitudinal sinus, transverse sinus and 
straight sinus, (5) but rarely from injury to the choroidal veins, which occurs 
only in stillborn premature infants 

The author says further that hemorrhage is never extradural, unless asso- 
ciated with fracture of the skull He also emphasizes the fact that an important 
contributing cause of intracranial hemorrhage is prematurity In this con- 
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nection he quotes authorities who state that intracranial bleeding occurs sixteen 
times more frequently m premature than in full-term infants The cutaneous 
vessels of premature infants are much more fragile The skin of mature babies 
will withstand a pressure of 520 mm of mercury while in premature infants a 
pressure of 150 mm of mercury will cause a hemorrhage of the cutaneous 
vessels Another interesting statement by the author is that he has never found 
a single instance in which a true cerebral diplegia was caused by intracranial 
hemorrhage at childbirth A fair percentage of these cases are microcephahc 
The paralysis in such cases is a perfect bilateral symmetry m over 95 per cent 
of the cases and cannot be related to injury at birth or meningeal hemorrhage 

The relation of injury at birth to hydrocephalis, to epilepsy and mental 
defect, IS fairly well discussed, including case histones and anatomic 
observations 

Part two includes a discussion on injuries to the brachial plexus The 
important causal factors as in injuries of the brachial plexus in adults is 
“traction” and not asphyxia or generalized pressure The injuries to the plexus 
and spinal cord in practicallj" all the cases are caused by traction during 
delivery The monograph is most interesting and instructive and deserves a 
place in the library of the general practitioner who must include obstetrics m 
his practice 

Traite de Phxsiologie, Normale ex Pathologique Published under the editor- 
ship of Drs G H Roger and L Binet, Professors of Physiology in the 
Faculty of Medicine, University of Pans Volume 11 Price, 65 francs 
Pp 496 Pans Masson and Cie, 1927 

This volume is a composite production containing chapters on histogenesis 
of the sex cells, by Champy, sex physiology of the male, by Busquet, sex physi- 
ology of the female, by Vignes , secondary sex characters, by Pezard, physiology 
of pregnancy, by Vignes, physiology of the new-born, by Binet, physiology of 
lactation, by Porcher, one chapter on histology of growth, by Champy, another 
chapter on physiology of growth, by Lesne and Binet, and one on heredity and 
one on teratology, both by Rabaud 

As 111 similar monographs by several authors, the chapters have an unequal 
value The monograph, as a whole, is reliable, helpful, and fairly comprehensive 
The chapters by Dr Vignes are particularly excellent Dr Pezard, who writes 
on the secondary sex characters, has done much experimental work on the 
phj'siology of sex and sex characters, particularly among birds It is therefore 
surprising to find that this chapter is not up to date on many points Dr Pezard 
seems unfamiliar with the recent important work in this field by Drs Moore 
and Oslund in this country The other chapters contain valuable references to 
the world literature on the specific points under discussion 

The completed series will constitute a valuable work for reference 
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THE SPLANCHNOPERIPHERAL BALANCE DURING 
CHILL AND FEVER* 

WILLIAM F PETERSEN, .AID 

AND 

ERNSr F AILLLER (Hamburc.) 

CHICAGO 

Among the pimcipal clinical alleuitionb noted dining the onset of 
acute infections, the chill plais a notable pait B) this teim is desig- 
nated a niimbei of phenomena, the most obiious being the muscle 
tremor and the actual senson peiception of cold by the patient 

The association of the chill with the invasion ot the blood stieam 
by bacteiia has been so well established evei since the woik of Sdiott- 
muller ^ that we feel justified m accepting the clinical phenomenon as 
evidence of blood invasion dm mg an infectious disease This acceptance 
of the fact of invasion by no means gives an explanation of the ultimate 
mechanism involved 

Schottmuller found that the meie presence of bacteiia m the blood 
did not cause a chill The chill takes place some time aftei the invasion 
(fiom thirty to ninety minutes, depending on the numbei and type of 
organism and also on the peison involved) Fiom the time of 
invasion to the time ot the chill, the numbei of cultuiable oiganisms 
lapidly diminishes The chill takes place when the organisms have made 
contact with the body cells oi when the products of the bacteiia have 
made such contact 

When one examines the skin of a patient m a chill, palloi , pilomotoi 
stimulation, a transient expiession of sweat fiom the sweat glands, 
together with lowered temperature of the skin are to be obseived This 
IS peiceived by the patient and gives the sensoiy stimulus The capil- 
laries and the arterioles are conti acted The muscle tiemoi vanes fiom 
one hardly perceptible to one of gieat intensity The question that 
arises when one considers this picture is whether these piedominantly 
vasctilai pel ipheral phenomena are due to the dn ect effect of the bactei la 
or the toxic agent oi whether one is dealing with an effect that piimaiily 
involves some othei organ or organ gioup and only secondarily brings 
about manifestations at the peiipheiy In pievious papeis, we - have 

’'From the Department of Pathology, University of Illinois College of 
Alechcine 

1 Schottmuller, H Munchen med Wchnschr 58 2051, 1911 

2 Afuller, E F, and Petersen, W F Khn Wchnschr 5 52 and 137, 1926 
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called attention to the fact that with the injection of bacteria (oi of pep- 
tone, arsenic, etc ) a profound alteration is brought about in the 
vasomotor systems of the splanchnic as well as the peripheral areas, 
with a dilatation of the former and a constriction of the latter Such 
diametrically opposite orientation can hardly be due to the direct effect 
of the same agent on the tissues, i e , the vascular endothelium or the 
neurovascular elements It must be assumed that the characteristic 
phenomena of the chill are the result of changes initiated when the toxic 
agent has entered into cellular contact and has there caused changes to 
which the peripheral vascular reaction is secondary There are two 
methods of approach to this problem In the first place, we know that 
a change in distribution of the leukocytes ® takes place with changes in 
the tonus of the peripheral or splanchnic areas with peripheral sympa- 
thetic orientation, a drop in leukocytes is a constant accompaniment and 
at the same time there is an increase in the number in the splanchnic 
area Conversely, there is an increase in the peripheral leukocytes with 
a parasympathetic orientation ^ 

A peripheral leukopenia is constantly found duiing the chill So, too, 
in experimental animals one can observe a splanchnic leukocytosis at 
the same time 

W e can also make certain deductions from experiments with lymph ® 
Immediately with the onset of the chill (in experimental animals), 
a tremendous increase in lymph volume takes place This lymph con- 
tains protein in greater amount than normally While, presumably, the 
mere muscle tremor might increase the volume of lymph flow, the lymph 
that originates in the peripheral regions is relatively poor in protein 
The increased flow of a highly concentrated lymph is further evidence 
that the splanchnic region is in a state of increased metabolic activity 

This increase in splanchnic activity (parasympathetic orientation) 
during the time of chill is clinically demonstrated in vaiious ways The 
contractions of the stomach cease, it dilates and vomiting occurs, the 
vomiting IS the result of the contraction of the abdominal muscles We 
rarely fail to observe vomiting in the patient in the pneumonic chill , we 
find nausea and vomiting frequently in other chills of infectious origin 

3 Muller, E F Evidence of Nervous Control of Leukocytic Activity by the 
Involuntary Nervous System, Arch Int Med S7 268 (Feb ) 1926 

4 When we speak of parasympathetic orientation, we do not restrict the term 
to an organ status induced merely by stimulation of anatomically defined para 
sympathetic nerves We regarded it as the state of organ activity in a region of 
increased metabolism, increased permeability, increased blood flow, increased 
action currents, etc We use the term sympathetic to denote the converse of the 
state, 1 e , tissue rest In a recent paper, Schilf takes a somewhat similar 
position (Klin Wchnschr 6 193, 1927 ) 

5 Petersen, W F Hughes, T P , Jaffe, R H , and Levinson, S A 
J Immunol 8 323, 1923 
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and occasionally aftei injections of vaccine Natuially, the absence of 
nausea is not indicative of an absent paiasympathetic effect on the stom- 
ach Piactically eveiy intiavenous injection (aisphenamine, peptone, 
bacteria) is followed by some dilatation of the stomach, the intensity 
vaiying in diffeient peisons and under different conditions" 

It may be peimissible m passing to point out the inteii elation of the 
skin and the splanchnic phenomena m shock after perfoiation, with 
acute panel eatitis, and acute peiitonitis, in geneial Every insult to the 
peiitoneum — an oidinaiy lapai atomy, etc — leads to a distiibution leuko- 
penia, le, to an alteiation of the splanchnoperipheial balance In the 
case of peifoiation, the piompt leoiientation of both regions (with 
peripheial sjnnpathetic and splanchnic paiasympathetic fixation) is so 
pionounced that one speaks of a peculiar “facies” as more or less 
pathognomonic In the fully developed peiitomtis, this fixation of the 
balance -IS most pronounced, and a constant nausea and vomiting are 
associated with a continued “facies pei itonealis ” 

According to the so-called Dasti e-Morat law, the concenti ation of the 
blood in the splanchnic aiea with a paialysis of the vasomotor system in 
this region (as assumed for shock) is balanced by a peripheral deple- 
tion of blood This IS not tiue, because if we sevei the vasomotor 
nerves to an extiemity, it does not lose its blood content under such con- 
ditions At the stage of the chill, no paialysis of the splanchnic area 
occurs, on the contrary, one deals with a profound stimulation — two 
conditions that aie diffeient in chaiactei In the chill the splanchno- 
peiipheral balance, which under noimal conditions is m a constant state 
of coordinating adjustment of the one region to the other, has become 
“fixed,” and both legions are still oppositely oriented, but no longei 
adjust the balance to minor physiologic demands 

The effect of this fixation immediately becomes appaient m the 
change m the tempeiature of the body, coincident to or following on the 
iigoi So intimately aie the two connected that it is the common 
assumption of clinicians as well as physiologists that the increase in 
temperatui e in pai t is due to the muscle tremoi 

We have pointed out that dining the time of the chill an increased 
pioduction of lymph takes place fiom the splanchnic legion Inci eased 
production of lymph is associated with inci eased activity of the oigans 
(parasympathetic status) and with this increased activity an inci eased 
metabolic late and pioduction of heat are naturally associated (Asher) 
Of the splanchnic oigans, the liver is chiefly concerned All measurable 
functions of the liver indicate its greatl> augmented activity dining the 
chill We have, for instance, measuied the output of bile and of biliaiy 

6 Petersen, W F, and Muller, E F Proc Soc Exper Biol & Med 24 
155, 1926 
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pigments both in the patient and in expei imental animals Such an ani- 
mal experiment is shown m dog 85 (chait 1 ) Jaffe " has lecently shown 
that duiing the chill the reticulo-endothelium of the livei takes out fat 
fioni the circulation of the blood in one half the time normally requiied 

The increase in peimeabihty of the capillaiies and cells of the hvei 
associated with this inciease in activity is made evident in the more lapid 
passage of injected henioglohm fiom the blood stieam to the Ijiuph 
duimg shock, as well as the fact that bile pigment enteis the lymph 
stream ® 

Foi the intestine, Arnold and King® have demonsti ated that one of 
the fiist symptoms of shock (before a fall in blood pressuie takes place) 
IS a tiemendous inciease m the flow of secietion into the lumen Foi 
three splanchnic oigans, the stomach, intestines and liver, one has then 
the light to assume gieatly iiici eased metabolic activity and production 
of heat 

But why should the toxic agent (the bacteria m this case) cause an 
increase in the function of the splanchnic area and a deciease in the 
function of the peripheial organs^ Foi the obvious reason that every 
foreign body (formed and piobably unfoimed) is piomptly taken out 
of the cii dilation by the splanchnic i eticulo-endothehum and there con- 
centrated This lesults 111 an immediate stimulation of this system of 
cells — a stimulation ti ansmitted to then immediate neighbors, the oi gans 
of the legion (liver, spleen, intestine, etc) The splanchnic legion is 
fixed in a parasympathetic state The pei iphei y is fixed sympathetically 
with diminished function The diiection of the oiientation is still 
normal , only the intensity has been altered, and because of the intensity, 
minoi regulatory fluctuations aie no longei apparent Fevei now lesults 
because the increased heat pioduced in the splanchnic aiea cannot be 
dissipated by a periphery which is in a state of airest The phenomena 
at the periphery, which aie so obviously striking, aie meiely secondarj 
in character 

With this concept m mind, we can understand the vicious ciicle 
undei which the splanchnic region particular!}'- labois The oigan that 
IS functioning at an augmented rate is much more peimeable than a 
lesting organ The splanchnic region will therefore be selectively injuied 
to a greater extent by furthei toxic mateiial than will the i est of the hod} 
Pathologically, the effects of this are seen in the parenchymal injuiy 
grossly apparent in every patient who has died fiom an acute infection 
01 intoxication 

It IS chiefly the reaction of the liver with which we are concerned 
when hacteriemia takes place The peiipheral leaction which has given 

7 Jaffe, R H Personal communication to the author 

8 Petersen, W F , and Levinson, S A J Immunol 8 349, 1923 

9 King C E, and Arnold, Llo}'d Am J Ph>siol 59 97, 1922 
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Chart 1 — Effect of two intravenous injections of B coli (Yr, slant) on gastric 
secretion and bile flow with relation to chill Normal dog with duodenal fistula 
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the entire phenomenon its name is meiely the expression of the vegeta- 
tive compensation vital to the organism m pieservmg its functional 
equihbiium It is a maximal, unidiiectional fixation of a tonus normally 
labile 

We should not omit from these mtioductory remaiks a brief con- 
sideiation of the so-called thermoregulatory center of the midbrain, and 
its importance for the splanchnoperipheral equilibrium We know that 
the periphery and the splanchnic area are antagonistically oriented under 
normal conditions and that this condition prevails as long as the vegeta- 
tive nerve tracts are intact We have shown that the most tiivial 
stimulation of either of the organ systems is followed by antagonistic 
reactions of the other group (distribution of leukocytes, analysis of the 
lymph, etc ) We know, too, that minor cellular stimulation (irradia- 
tion of the skin, digestive activity of the gastro-intestinal tract) will 
bring about changes in this regulatory mechanism Temperature and 
sugai punctuie into the midbiain bung about disturbances antagonistic 
in oiientation in the two major regions, just as well as the bacteriemia 
that produces the chill 

Whether a direct effect of bacteria or bacterial products directly 
affects nerve elements of a temperature center cannot be determined 
clinically W e do know, however, that pronounced stimulation of either 
the splanchnic or the peripheral region will lead to changes in the 
balance, comparable, even if not so intense, as if toxic substances have 
actually been injected into the blood stream The intensity of the effect 
111 the antagonistic group of organs will depend on the intensity of the 
opeiative stimulus It is at least probable that with intense stimulation 
of the skin one can exclude the diiect effect of toxic substances on the 
tempeiature center The effects of emotion in at least affecting the 
stabilit)^ of the leactions are not to be excluded fiom consideration 

Every alteration of the cellular activity of an organ, if sufficiently 
intensive, produces alteration in the vegetative nervous system How- 
ever, It seems improbable, as the response is always similar and as the 
intensity of the response vanes only with the stimulus, that m one instance 
vegetative reorientation will depend on a direct effect of the agent (bac- 
teria or toxic products) on a presumptive thermoregulatory center, while 
in another instance (physiologic activity-digestion, etc ) it is mediated 
remotely and indirectly wholly through impulses that travel via the 
nervous system 

That impulses reach some legulatory center, wherever it may be 
located, seems probable Whether such a “center” is pictured as a 

10 Petersen and von Oettingen, W F Arch f exper Path u Pharmakol 
123 160 1927 

11 The discussion by Toenneissen is perhaps as complete as might be desired 
In Muller, L R Die Lebensnerven, ed 2, Berlin, 1924, p 471 
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nucleus in the midbiain, oi is legarded as an inlieient and widely dif- 
fused pioperty of the vegetative nervous system with its functioning 
dependent only on undistuibed continuity of the entire system, is imma- 
terial It IS only of moment to keep in mind that if an alteiation in the 
balance can be initiated b} a stimuli origmatmg in some part of the 
system (dm mg which entrance of bacteria and intoxicating products 
into the blood stieam can be excluded), then presumably such an alteia- 
tion of the balance can occur even when bacteria are circulating m the 
blood stream This is the more likely, since it is known that they may 
be cii dilating foi some time without effect and may only produce the 
phenomena of chill and fever when they have been engulfed, not m the 
central nervous system but in the liver and splanchnic ai ea 

MUSCLE TREMOR 

As stated in the beginning, the muscle tremor occupies the centei of 
clinical inteiest, foi with its sudden onset it ovei shadows all associated 
phenomena The intei pretation of this i eaction and the relation to othei 
oigan phenomena involved offers so many difficulties that a clinical 
anal} SIS ma} seem justified 

The muscle iigor is independent of volition It does not depend on 
central inneivation This fact itself is of the utmost importance The 
tremor peisists when the motor neives have been severed The tiemor 
cannot be inhibited by will even with intact inneivation Involuntarily 
induced by some agent closely associated with the undei lying noxious 
cause, it repiesents a muscle reaction differing greatly from the noimal 

The tremoi is fuitheimore chaiacteiized clinically by another phe- 
nomenon, namely, that it is practically inexhaustible in duration and 
degiee Even the cachectic and exhausted patient will react in his 
twentieth chill with the same intensity and vigoi and will have as severe 
tremoi hour after houi as at the onset of the infection Indeed, we 
know fiom clinical experience that a fatal sepsis will be charactei ized 
by chills in which the teiminal seventy of the i eaction is augmented m 
duiation and intensity True, the chill and rigoi aie associated with 
a feeling of fatigue which, howevei, begins at the onset of the tremor, 
continues throughout its course and may actuall} seem lessened to the 
patient aftei cessation of the tremoi This occurs despite the actual 
feeling of lassitude after the chill has passed It is of impoitance to 
keep in mind that no diminution in the intensity of the i eaction takes 
place despite the feeling of fatigue We shall show latei that actually 
a loweimg of musculai powei takes place during the iigor Perhaps 
even the rigor associated with the application of external cold 
should be considered here The effect of intense cold on the untiained 
skin IS associated with so-called “goose-flesh,” a contraction of the 
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aiteiioles and capillaiies, a lowering of the cellular peimeability and a 
diminution in the elimination of heat and watei from the skin The ti emoi , 
too, IS involuntar}, is not associated with effects of objective fatigue 
and IS to be legarded as a leaction to a definite and unusual stimulus 
But the tremoi is leadily oveicome when voluntary motor impulses 
supeivene, and thereby diffeis from the chill of an infection This 
might indicate that the fundamental alteiation which takes place with 
muscle tiemoi on external application of cold may be similai in chai- 
acter to that which takes place during the chill of infection, the diffei- 
ence being m the intensity of the piocess lathei than in its chaiactei 

We must take into consideration the peculiai tremoi of the exoph- 
thalmic ‘ patient, the tremoi of fatigue and the tremoi following 
injections of epinephime In all these cases, the movement of the mus- 
cles IS involuntaiy, in the exophthalmic case it is often initiated oi 
intensified by voluntaiy motion, but not undei voluntary contiol It 
may be present foi long peiiods of time Heie, too, it is practically not 
subject to fatigue, despite the fact that it is associated with the sensation 
of fatigue on the pait of the jDatient and even with evidence of actual 
muscular weakness We have merely bi ought these conditions into 
discussions to illustiate the fact that while such musculai tremoi does 
not occui normally, i elated phenomena on the pait of the voluntaiy 
muscles aie by no means unknown in pathologic conditions not due to 
infection 

The two most pionounced musculai phenomena dining a chill aie 
fiist, the tiemoi, and second, the diminution in tiinctional capacit) We 
must examine these two jihenomena m ordei to aiiive at some conclu- 
sion as to what the phenomenon involves The mattei of functional 
capacity will be examined fiist If a muscle is contracted by voluntai}'^ 
imjDulse the bundles aie shortened, and with it there is found an inciease 
m metabolic activity, with inciease in size of the individual elements and 
inci eased permeabilit) Autonomically, an inciease in the size of the 
capillary bed that supplies the muscle group takes place It is of 
importance to keep in mind the expeiiments of Weizsachei and Hill, 
which have demonstrated that the increase in metabolism takes place 
aftei the conti action If the tiemor of a chill is simulated voluntaiil} 
111 the muscle, one can clinically demonstrate an increase m volume, in 
temperatuie and in vascularization In the extremity undei observa- 
tion one can fuithermoie determine fiist an imperceptible, latei an 
apparent, increase m the secretion of sweat, as evidence of the partici- 
pation of the skin in the vegetative reoiientation In othei words, one 
deals with a cooidinated and paralleling functional inciease of tissue 
activit}^ both centralh and vegetatively conti oiled 

12 Weizsaclicr, V J Plnsiol 48 396, 1914 
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If the patient is now asked dining a chill to execute some voluntaiy 
movement, he will usually lespond that it is impossible foi him to do so , 
if he does, theie is a total absence of inciease in volume, theie is no 
inciease in waimth, no ciiculatoiy i espouse, and no secietion of sweat 
All of this merely indicates that uiidei such conditions the noimal vege- 
tative 1 espouses haie been totall) suppiessed despite the intact voluntaiy 
nei i ous connections 

These noimal vegetative leactions which occui simultaneous!} with 
the onset of loluntai} neivous stimuli aie piobably tiuly autonomous, 
oiiginating local!} as lellexes They aie not wholh dependent on the 
motoi inneivation noi on the connection with highei vegetative centeis 
E^en aftei the sympathetic connections aie seveied, they lemam intact 

Chnicall}, these chai actei istic alteiations m muscle functions dining 
a chill aie well known If one has the oppoilinnty to obseive a young, 
pievioush healthy adult w'ho is suddenly seized wnth a chill, one is 
stiuck w’lth the piompt loss ot musculai stiength Stiong w'Oikmen 
can haidh lift a light wfeight , even locomotion is attended wuth difficulty 
This is the ciiKial diffeience betw'een the feeling ot loss of pow^ei wdnch 
IS immediately incident to the onset ol a chill and which peisists duiing 
Its duiation, and the fatigue wdiich becomes appaient aftei long con- 
tinued normal musculai effoit The muscle in iigoi becomes fnnctionallv 
disabled along wnth the feeling of fatigue This status is immediately 
initiated wnth the onset of the tiemoi Despite the feeling of fatigue and 
actual diminution in pow'ei , the tiemoi peisists ^foi hoiiis wnthout diminu- 
tion The noimall} wmikmg muscle fatigues to a degiee commensniate 
wnth the degiee and duiation of the w'oik peifoimed 

The conclusion is i cached that loss of musculai powei dining chill 
does not depend on fatigue as such, but on an inhibition of the noimal 
legetatne con elation , that is, on the abilit} of the vasculai bed to dilate 
This inhibition is due to impulses wdnch peisist dining the peiiod of the 
chill 

This change in the leactivity of the skeletal musculatui e dining chill, 
evident m its loss of functional pow^ei, is indicative of a tiansient 
“sympathetic” inhibitoiy effect 

The expel iments ot Cannon ha\e made it piobahle that wnth the 
onset of an insult such as that ofteied bv the continuous injection of 
bacteiia, epinephime is piomptly augmented in the cii dilation ” as it is 
too, with chilling and wnth wmik (Haitman, and Haitman, Waite and 
Pohvee’*) and possibly in exophthalmic goitei — all closely i elated in 
then foim of musculai tiemoi 

13 Cannon W B Bodily Changes in Pain, New } ork 1915 

14 Hartman, F A, and Hartman, W B Am J Phjsiol 65 612 1923 
Hartman, F \ Waite, R H, and Powell E F ^m T Physiol 60 255 1922 
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In this connection, we cannot avoid a brief discussion of the present 
status of the role of the sympathetic neives on skeletal muscle It has 
been established anatomically that sympathetic fibeis aie plentifully 
supplied to the muscles but that their function is undetermined The 
work of Hunter and Royle took the interest from the academic field 
to that of the clinic, and clinical failure led to the assumption that the 
sympathetic function was negligible Indeed, the recent woik of Porter 
and Ransom and Hinsey might lend support to such a view On the 
other hand we cannot discount much evidence to the contiary Thus 
Freudenberg and Brehme and Popoviciu’s observations that in an 
existing alkalosis the injection of epinephrine will bring about the onset 
of tetany (with or without the exclusion of the motor innervation) 
would make a peripheral effect of the epinephrine probable 

Undoubtedly, the work of Orbeh, reviewed recently by Brucke 
as well as by Fulton,-^ is convincing in charactei Oibeh has shown 
that sympathetic stimulation definitely increases the tone of fatigued 
muscle In ischemic tetamzed muscle, sympathetic stimulation not only 
increased the tone but delayed the fatigue effects which weie normally 
apparent The effect of the increased tonus so produced probably 
overcompensates any negative inotropic effects due to a concomitant 
vasoconstriction, such as would be implied in Wastl’s experiments-' 
Fulton, in his review, considers it “desirable simply to recognize that the 
sympathetic system does influence the action of the skeletal muscle ” 

Additional evidence has recently been pi esented by Hai tman 
When observing skeletal muscle directly under the microscope, he 
found that small doses of epinephrine were followed by vascular dilata- 
tion and larger doses, by constriction of the arterioles and venules of 
the muscle tissue A distinct change in the field of observation was 
noted in that with epinephrine the whole field became brighter, while 
with narcosis the reverse was observed In addition, a distinct trans- 
verse tremor of the muscle was noted, which was present even after the 
motor nerves were cut 

Associated is the change in the type of reaction of the muscle which 
also speaks for a reaction differing from the normal If we ask a 
patient during the bacterial chill to execute a complex voluntary move- 

15 Hunter, J I , and Royle, N D Surg Gynec Obst 39 701 and 721, 1924 

16 Porter, E L Am J Physiol 78 495, 1926 

17 Ransom, S W , and Hmsey, J C J Comp Neurol 42 69, 1926 

18 Freudenberg, E Kim Wchnschr 6 634, 1927 

19 Brehme, T , and Popoviciu, G Ztschr f d ges exper Med 52 579, 1926 

20 Brucke, E T Kim Wchnschr 6 703, 1927 

21 Fulton, J F Muscular Contraction, Baltimore, Williams & Wilkins, 1926 

22 Wastl, H J Physiol 60 109, 1925 

23 Hartman, F A Am Phj siol Soc , Rochester, N Y , 1927 
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ment, the tremoi persists despite the superimposed central impulse (as 
It does, too, with the tremor of fatigue, chill and exophthalmic goitei ) 
Voluntary impulse and involuntary tremoi probably aie based on two 
wholly different phenomena if they can so exist side by side 

In the tremoi accompanying external cold, voluntary movements 
lapidl}’’ terminate the involuntary tremor, giving further evidence that 
voluntary motion and involuntary tremoi lest on a different basis and 
act diffeiently on the muscle The fact that here a sufficiently powerful 
voluntary impulse will suppress the involuntary tremor would indicate 
merely a diffeience in degree rather than m fundamental cause 

From purely clinical reasoning, it seems probable that the tremor of 
the chill IS associated with unusual autonomic or chemical conditions, 
moie or less antagonistic to the ordinary voluntary movement, and that 
it repiesents not muscle function m the usual sense but merely a different 
state of the muscle The fact that such a muscle does not increase in 
size, does not become fatigued and does not become warm during the 
course of the movement is further evidence m the same direction 

Obviousl}^ we might seek to explain the peculiar tremor on the basis 
of a clonus With vasoconstriction, we may assume an increase m acid 
metabolites and with it an increase in the threshold of excitability and a 
diminution in the size of the action current of the individual fiber We 
know that the sense of fatigue is an immediate accompaniment of the 
bacterial chill Presumably, the increase in acid metabolites may affect 
the motor endplate, more piobably, it may affect the reaction of the 
muscle fiber itself, such a fatigued fiber acting moie slowly and develop- 
ing much less tension than a normal fiber 

The vasoconstriction and the lowering of the temperature may 
involve a change in the excitability of the propi loceptive nerve endings, 
resulting in a typical clonic response in a muscle under increased tonus 
when synchronous proprioceptive stimuli may be operative 

As a matter of fact, the trembling muscle gives little or no evidence 
of what is commonly accepted as muscular work The quivering is 
actually clonic in character and is not ordinary muscular contraction 
Older theories of the regulation of temperature accepted this tremor and 
muscular work as equivalent, but one must not be blinded to the 
probability that wholly different phenomena may be present 

The fact that the chill following the external application of cold 
begins involuntarily and cannot be voluntarily suppressed brings up a 
related condition in which the voluntary muscle is also “out of bounds,” 
if we may use that expression Such a condition occurs in deep hypno- 
sis, and the work of von Giafe’^ and others shows that the musculai 

24 Fulton (footnote 21, p IQS') 

25 Von Grafc, E Deutsche Ztschr f Nervenh 79 359, 1923 
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metabolism sinks on such functional deletion of impulses, the active 
cm rent is diminished and the muscle may even assume a cataleptic 
rigidity 

Such iigidity lepieseuts shoitemng without consumption of eneigys 
1 e , a state similar to that studied b} Noyons and von Uexkuell, which 
they termed “muscle blockade ” As this would lead too fai afield and 
is not essential foi the pioblem at hand, we shall not entei furthei into 
the theoretical side of the question 

Even when we are dealing with tonically conti acting muscle, theie 
may be actual evidence of diminished metabolic piocesses (galvano- 
metiic determinations Foix and Thevenard,-' Lewy,-*’ Golla and 
Wertheim-Solomonson These obseivers leach the conclusion that 
in musculai contraction one must distinguish two mechanisms, the one 
a fixation without inciease in metabolism, the othei the common volun- 
tary musculai conti action The first mechanism piesumably would 
involve the sarcoplasm, which Robeits assumes may conti act with 
great efficiency, i e , without extensive pioduction of heat 

Clinically, it is of importance to know that (1) we may have a con- 
dition of muscular shortening independent of voluntaiy control, during 
which the musculai metabolism is diminished This state, which is 
seen in cateleptic iigidity, lepiesents a condition dining which the 
muscle gets along with less than the normal metabolic exchange 
(2) At the opposite extreme is the voluntary functioning muscle, with 
nici eased metabolism, in which the increase m metabolic piocesses pie- 
sumably takes place between individual conti actions of individual fibers 
The vegetative activity (vasodilatation) iiici eases and diminishes with 
inciease or decrease in function (3) The lesting state described bi 
Meyerboff represents muscle lespnation in tbe noimal condition between 
these two extremes 

In the iigor we seem to deal with skeletal muscle which dififeis on 
the one hand from the peimanent cataleptic shoitemng and on the othei 
fiom normal musculai contraction Theie is reason to believe that theie 
IS inci eased tonus due to simpathetic stimulation (cential and peiiph- 

26 Noyons and von Uexkuell Ztschr f Biol 56 139, 1911 

27 Foix, C, and Thevenard, A J de physiol et de path ^en 23 332 1925 

28 Lewi F H Die Lehre vom Tonus und des Bewegung, Berlin, Julius 
Springer, 1923 

29 Golla, F L Lancet 2 115, 1921 

30 Wertheim-Solomonson, J K A Brain 43 369, 1920 

31 Roberts F Brain 39 297 1916 

32 Janet Clark’s recentl> reported experiment might offer another explanation 
of long continued muscular shortening without work Crystal Fiber Diffraction 
Patterns from Relaxed and Contracted Muscles, meeting of the Am Phvsiol 
Soc Rochester N Y , 1927 
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Chart 2 — Comparison of muscle and rectal temperatures during bacterial chill 
(effect on peripheral leukocyte count and gastric secretion included) In this 
experiment as in others of the series, normal dogs were used without general 
anestlicsia Local anesthesia was used as required Continuous injection of a 
suspension of B coh (1 slant to 500 cc saline solution) was made intracenousl} 
with the Woodjatt pump It wall be noted that during tlie time of thd chill the 
muscle temperature drops and remains lower than during the control period for two 
hours, w’hile the rectal temperature has increased 2 5 F \ considerable increase 
in volume of gastric juice w’as noted, and gahanometric titration, according to 
the method of Unger (Arch f Verdauungskr 37 ), wath the electrode m the 
intact stomach indicated a great increase in gastric acidiU 
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eral) and that an intense constriction of the arterioles and capillaiies 
takes place with a resulting accumulation of metabolites These may put 
the individual fiber into the status of fatigue with great reduction of 
the tensile effort They probably change the threshold of piopiiocep- 
tive stimuli, and by summation and synchronism, the muscle fibers not 
being shortened, an actual clonus may supeivene There is experimental 
leason to believe that this need not be associated with inci eased meta- 
bolic activity 

Certainly, autonomic effects become apparent which seemingly are 
diametrically opposite to those usually associated with working muscle 
In the cataleptic state, previously latent sympathetic forces, normally 
overshadowed by voluntaiy control, are suddenly dominant, in the rigor, 
the previously normal autonomic apparatus is suddenly augmented so 
that the apparent phenomena may overbalance powerful voluntary 
impulses and dominate the pictuie The iigor is not a permanent con- 
traction, such as IS found m thei cateleptic state, but is a relatively slow 
and incooi dmated shortening of individual fibers In the cateleptic 
person, we have no longer voluntary impulse but autonomic fixation or 
blockade, with unchanging status The iigor offers a different picture 
Motor impulses are still possible, but the sympathetic fixation is so 
gieat that the normal vegetative reflexes which would normally bring 
about coincident vasodilatation are held in abeyance 

EXPERIMENTS 

These clinical considerations seemed to us sufficiently attractive to 
invite investigation in animals, as the direct measurement of actual pro- 
duction of local heat in the muscles is not readily carried out in the 
patient For our purpose we have made use of simple methods using 
unanesthetized normal dogs as experimental animals and reproducing 
the clinical pictuie as far as possible by a continuous injection of small 
amounts of suspensions of living B coh (approximately 4 or 5 million 
organisms per cubic centimeter, and injecting approximately 1 cc per 
minute with the Woodyatt pump Muscle and rectal temperature were 
recorded both by means of accurate clinical thermometers as well as by 
delicate electrical thermocupples In addition, observations of the lympb 
were made togethei with constant leukocyte counts, control of blood 
chemistry, etc 

By means of such injections a close approximation to the normal 
human chill can be obtained This is initiated about thirty minutes 
after the onset of the injection and may persist for varying periods of 
time In every experiment in which a demonstrable chill was to be 
observed, no increase in muscle temperature was found, despite a sharp 
increase in rectal temperature during the same interval of time Com- 




Chart 3 — Comparison of muscle and rectal temperatures during bacterial chill 
Continuous injection of B coli, with graph illustrating the effects on the lymph 
volume, sugar and protein and the carbon dioxide combining power, urine volume 
and leukocyte count These reactions are typical of the results in experiments 
of this character It will be noted that each time a perceptible muscular chill 
was observed, the muscle temperature was diminished, while the rectal tempera- 
ture increased without marked retardation 
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paiable inciease was noted in the livei, although this tempeiatuie was 
usuall}^ highei than that of the lectum Frequently, an actual diminu- 
tion 111 muscle tempeiatuie takes place duiiiig the time of the iigoi, 
while the lectal temperature inci eases As Du Bois has shown, this 
occuis when theie is actually no increase in the late of the peiipheral 
heat loss 

Only at the end of the chill, and usually when a coincident increase 
m the peiipheial leukocytes would indicate some vasodilatation m the 
peiiphery, will an abiupt increase in tempeiatuie of the muscles be 
obseived We can onh conclude that dining iigor, with shortening of 
the muscle, no increase m the production of heat takes place And if, 
despite an mciease m the temperatuie of the lest of the body, delai 
OCCUIS in the wanning of the muscles, it can be due only to a fixation of 
the autonomic status in the muscle which pi events the dilatation of the 
capillaries and the arterioles 

This seems analogous to the state that is found in the skm The fact 
that the capillaiies of the skm bleed pooily duimg a chill is leadily 
obseived The lack of the heat inflow to the muscles takes ongm in 
the same phenomenon that pi events bleeding fiom the patient in the 
cataleptic or the hypnotic state when piicked by a needle Just as the 
hvpnotic patient bleeds from the needle wound aftei the release of 
the suggestion, so the muscles, aftei the i igoi , ai e rapidly wai med to the 
tempeiature of the inteinal oigans 

COM MOST 

Evei) phenomenon m the disease pictuie lepresents meiely one 
phase of the deviation fiom the noimal and should be considered, theie- 
foie, meiel}'’ as a single stone in the largei mosaic It might seem 
peimissible, theiefoie, to discuss the phenomenon of chill m its i elation 
to the changes m othei organs 

Dining chill, we are dealing with an oigamsm in which a piotound 
alteiation of laige groups of oigans has taken place autonomically , that 
IS, iiiespectne of the type of causative agent, the chill expi esses tie- 
mendous functional stimulation of the splanchnic legion, with a partial 
or total airest of the peiipheral functions Foi the skm, we know that 
loss of heat is i educed to a minimum when the conti action of the peiiph- 
eral lascnlai system takes place The dependence of this condition 
on the simpathetic tonus has been established, and that a sudden lelease 
of epmephiine from the supiaienal gland is associated seems piobable 
(Cannon The proof that similai phenomena dominate the muscu- 
latuie dining the chill extends the piesent concept to the laigest of the 
peiipheral legions Skin muscle and peiipheral vascular system act as 
a unit in the response to the alteied conditions of the body 




Chart 4 — Comparison of muscle and rectal temperatures during bacterial chill 
Continuous injection of B coh (285 cc in all) in dog with gastrostomy It will 
be observed that the rectal temperature increased about 20 F in the hour after 
the injection was commenced, while the temperature of the muscles remained 
low during the time of chill , later (at 2 30 p m ) with a second chill, the tem- 
perature of the muscles diminished while the rectal temperature increased The 
typical effect on the gastric secretion and acidity is to be noted 
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Recently, Cannon and his associates have begun a study of legu- 
lation of heat and have emphasized particularly the role of the 
release of epmephiine They, too, seem of the opinion that equilibra- 
tion by means of muscle shivering and the presumptive warming of the 
body by such means aie relatively negligible factors as contrasted to the 
increase in metabolism induced by the flooding of the organisms by 
epinephrine, and the production of heat without any muscular activity 
at all 

Oui interpretation differs in the fundamental assumption that the 
two regions (splanchnic and peripheral) are oppositely oriented The 
intense stimulation of the splanchnic area with its great increase in 
permeability gives no evidence of the effect of the epinephrine in the 
ordinary sense, despite the fact that epinephrine is probably present in 
greater amount in the circulation This need not be surprising as epi- 
nephrine under such conditions may give a paradoxic effect, i e , it may 
augment the parasympathetic status Thus, under such conditions, it 
does not contract the musculature of the arterioles nor pi esent symptoms 
of shock 

Muscle tremor, whenever apparent, has usually been accepted as 
synonymous with the production of heat, such as takes place with volun- 
tary contraction of the muscles It is generally assumed that the increase 
m temperature following the rigor is due, in part at least, to heat so 
engendered Our experiments indicate, on the contrary, that the chill 
produced in the dog by the continuous injection of colon bacilli is always 
associated with an inciease in the splanchnic activity, indeed, it piob- 
ably IS to be regarded as produced by this splanchnic oi lentation During 
this time, the abdominal temperature is rising The association of the 
increase in splanchnic activity with the tremor of the muscle in shock 
(whether bacterial, or due to external cold) is so constant that one may 
assume the splanchnic stimulation when he observes the tremor of the 
muscles On the other hand, not every increase in splanchnic activity 
results m tremor of the muscle Presumably, the latter takes place only 
when the autonomic rearrangement reaches a certain degree of intensity 

In the fixation of the balance, it is to be remembered that the condi- 
tion in the peiiphery can be maintained practically indefinitely, but the 
status in the splanchnic area will be self limited, the period of stimula- 
tion leading either to a (1) reversal, or (2) to fatigue and ultimately to 
death of the cells W e will describe the chemical basis of these changes 
in other papers 

The tremor of the muscles may be assumed, therefore, to indicate 
increase in splanchnic activity and production of internal heat Con- 
versely, the increase m splanchnic activity, if of sufficient intensity, will 

33 Cannon, W B , Quendo, A , Bntton, S W , and Bright, E M Am J 
Physiol 79 466, 1927 



PETERSEN-MULLER—SPLANCHNOPERIPHERAL BALANCE 593 


pi oduce ti enior of the muscles The ti emor need not appeal , the inci ease 
in temperatuie may take place giadually without the intense autonomic 
fixation appaient m chill This is the more common status in the 
oidinaiy fever 

The question of the increase m metabolism and its i elation to the 
musculai activity is one that can hardly be answered clinically While 
it would be of interest to determine the exact oxygen exchange in the 
muscle during tiemor, for our clinical purpose it is sufficient to establish 
the fact that the inciease in temperature does not come from muscular 
work 111 the oidinaiy sense 

CONCLUSIONS 

The production of bacterial chill and fever is the result of the fixa- 
tion of the splanchnopei ipheral autonomic balance The entrance of 
bacteria into the blood stream is followed by their fixation by the retic- 
ulo-endothehal elements of the splanchnic aiea This (depending on 
the toxicity of the oiganisms) is followed by a marked stimulation of 
these cells and of the organs m which they occur — hvei, spleen, bone- 
man ow and gastro-mtestinal S3^stem This stimulation involves a 
parasympathetic status of the organ group and with it a sympathetic 
oiientation of the peiipheial organs In this peripheral group, the 
muscles are oriented m the same dnection as the skin and vascular tis- 
sues The intense sympathetic orientation, which aiiests the activity 
and lestricts the blood supply, is an adaptation to the fundamental altera- 
tions in the condition of existence of the whole organism The muscle 
tremor itself is the expression of the intense sympathetic orientation, 
augmented to such a degiee that it cannot be oveicome by will, as is 
still possible m the chill accompanying the external application of cold 

The tremoi itself, presumably a clonic effect in muscle with increased 
tonus, may be associated with local effect of metabolic pioducts accumu- 
lated when vasculai constiiction takes place, lathei than a phenomenon 
due to the mere deprivation of oxygen The tremor is not associated 
with iiici eased production of heat and is to be regarded as a phenome- 
non analogous to that studied in smooth muscle during so-called “muscle 
blockade ” 



THE MONOCYTES IN PNEUMONIA 


A CLINICAL AND HEMATOLOGIC STUDY * 

R A HICKLING, MB (CA^TAB) 

NEW YORK 

An attempt was made lecently to compaie and to contrast the 
changes in the leukoc3de counts in patients with bronchopneumonia and 
with suppuiation It was noted that in the cases of bronchopneumonia 
the monoc}tes in the circulating blood inci eased in the eaily stages of 
the disease to a point definitely above normal, and that later the num- 
ber again became normal 

The object of the present woik was to deteimine whethei siinilai 
changes occuiied in patients with lobai pneumonia and, by comparing 
the changing blood picture with the clinical course of the disease, to 
determine whethei any deductions could be drawn legarding the func- 
tion of these cells 

Daily total leukocyte counts weie pei formed on the patients, the 
blood being obtained by piickmg the lobe of the ear Covei -glass 
films of the blood were made at the same time and stained The diffei- 
ential blood count was peifoimed under the oil immeision lens In 
more than half the cases studied, the peicentage of each type of cell 
was detei mined by counting 500 successive cells seen in the film In 
the lemamdei, a pair of covei -glass films were stained, and 100 cells 
weie examined in each When the total leukocyte count was high, 
400 or 500 cells were counted ui these cases also The total number of 
each t)pe of cell per cubic millimeter was calculated from the total 
leukocyte count and from the percentages These numbers weie plotted 
m the foims of graphs, so that a picture was obtained of the changes 
in numbers in each type of cell during the couise of the disease 

In the gieat majoiity of instances, the monocyte is easily lecognized 
It IS distinct m type fiom the other two mam groups, the polymoi phonu- 
clears and the lymphocytes It has been lecognized as a distinct type 
of cell foi many years When well stained with one of the Romanow- 
sky stains, it presents, briefly, the following characteristics The 
basichromatin of the nucleus lies in fine strands, so that the Jighter 
staining portions of the nucleus appear to he close together These 
light staining portions aie evenly distributed through the nucleus, in 
this it contiasts with the nucleus of the lymphocyte in which the light 
staining portions he fai apart and are unevenly distributed, owing to the 

=^From the Second (Cornell) Division, Bellevue Hospital 

1 Hickling Folia Haemat 33 199 (Feb ) 1927 
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coaise structure of the basichromatin masses in the lymphocyte The 
cytoplasm of the monocyte stains a cloudy blue, different from the clear 
blue cytoplasm of the lymphocyte In this cloudy blue cytoplasm are 
seen immense numbers of evenly distributed fine granules, which stain 
a brighter coloi than do the neutrophil granules of a polymorphonu- 
clear These gianules aie distinct from the much larger bright led 
globular bodies fiequently seen in the clear cytoplasm of a lymphocyte 
This description coi responds to the monocyte of Naegeh’s classification ^ 
It has been called a large mononuclear leukocyte or transitional cell in 
other classifications 

In noimal blood the monoc 3 des comprise about from 2 to 6 per cent 
of the total number of leukoc} tes In total numbers 500 or 600 mono- 
cytes per cubic milhmetei is probably the maximum normal 

REACTION or MONOCYTES IN CIRCULATING BLOOD 

The mam pait of this woik consists in daily observations on twenty 
cases of lobar pneumonia The only method of selection adopted was that 
patients were used on whom the fiist blood examination could be per- 
formed within three days of the onset of the disease In all cases the 
onset was sufficiently chaiacteristic so that the day of disease on which 
the first examination was made was known with fair cei taint) Thiough- 
out the paper, when a certain day is mentioned in connection with any 
case, It 1 efers to the day of the disease, not to the time since admission to 
the hospital 

\ summaiy of some of the blood changes in these twenty cases is 
given in table 1 It will be seen that the first four cases ended fatally 
Of the sixteen patients who recoveied, all except the last thiee had a 
similai blood picture at the beginning of the disease, in that the mono- 
c)tes were within oi only slightly above the noimal limits In the last 
three cases, the monocytes were high at the beginning of the disease 

In the fiist group, the fatal cases, the leukocytes variations weie 
similar in all foui There was a polymorphonuclear leukocytosis which 
in two cases leached over 24,000 per cubic millimeter during the obser- 
vations The lymphocytes were abnormally low in three of the cases and 
were present in about noimal numbers in the fouith case The mono- 
cytes were low throughout m all four cases and tended to fall lowei 
towai d the fatal termination A graph is shown of the leukocyte varia- 
tions in one case as an example of this gioup (chait 1) 

In the second group, the thirteen typical cases, there was consider- 
ably more variation, but the general picture was similar in all There 
was a polymoiphonuclear leukocytosis In foui cases this was not 
high, the maximum being about 12,000 per cubic milhmetei In the 


2 Naegeh Blutkrankheiten u Blutdiagnostik 



596 


ARCHIVES OF INTERNAL MEDICINE 


remaining cases, a high polymorphonuclear leukocytosis, between 17,000 
and 28,000 per cubic millimeter, developed In five of these cases the 
number of polymorphonuclears fell sharply to about normal within 
twenty-four hours after the crisis , in the others, the fall to normal was 
more gradual 

The lymphocytes piesented variations At the beginning of the 
observations they were abnormally low m seven cases but were present 
in normal numbers in the other six In all cases they rose later in the 
disease, in seven reaching high figures so that a definite postmfective 
lymphocytosis was present In many cases, the observations were 
stopped before the lymphocyte curves were complete, but m six of 
the cases in which a definite lymphocytosis developed, it was found 
to be only transient, the lymphocytes soon falling to normal numbers 


Table 1 — Sttmmaiy of Blood Changes tn Patients zvith Lobai Pneumoma 





Day of 

Monocj tes per 




Da 3 ' When Monocytes 

Peak of 

Cubic Millimeter 

Duration of 

Day of 

Case 

First Seen at First Monocytes 

at Peak 

Monocytosis 

Crisis 

1 

3 

Fow 

None 



Died on 9th 

2 

3 

Lou 

None 



Died on 7th 

3 

2 

Low 

None 



Died on 6th 

4 

3 

Lou 

None 



Died on 7th 

6 

1 

Low 

5 

1,900 

2 days 

4 

6 

2 

Lou 

7 

2,500 

6 days 

4 

7 

2 

Low 

S 

1,500 

6 days 

9 

8 

2 

Slightly above normal 

8 

1,200 

4 dajs 

9 

9 

3 

Lou 

9 

1,900 

6 adj’S 

Lysis 

10 

2 

Low 

7 

1,200 

2 daj’S 

4 

11 

3 

Normal maMmum 

9 

1,400 

3 days 

6 

12 

3 

Low 

6 

1,100 

3 days 

5 

13 

2 

Slightly above normal 

5 

1,400 

6 days 

4 

14 

3 

Low 

14 

1,200 

3 days 

10 

15 

3 

Low 

15 

900 

4 dajs 

11 

16 

2 

Slightly above normal 

10 

1,300 

3 days 

5 

17 

2 

Low 

9 

1,700 

Persistent 

No fall in 
temperature 

18 

2 

High 

8 

2,600 

11 days 

4 (in 

complete) 

19 

1 

High 

4 

2 100 

10 days 

Lysis 

20 

2 

High 

2 

2,950 

10 days 

5 


The eosinophils were absent in all cases at the beginning and 
appeared at varying intervals after the onset of the disease A definite 
postmfective eosmophiha was observed in only two of the cases, in 
the others, the eosinophils lemamed within normal limits 

At the beginning of the observations in these thirteen typical cases, 
the monocytes were either within normal limits or slightly above the 
normal maximum They rose in total numbers, in every case reaching 
a point above the normal maximum, so that a definite monocytosis was 
present (charts 2, 3, 4, 5 and 6) The highest point of this monocytosis 
varied in relation to the onset of the disease and to the occurrence of 
the crisis In nine cases this peak occurred after the crisis, in two 
cases it occurred just before the crisis, in one case (case 9) the 
temperature fell by lysis, and in the last case (case 17) a fall in tempera- 
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Chart 1 — Graph showing leukocj'te variations m case 1 In the charts the 
right hand column of figures represents the scale of the polymorphonuclears , 
and the left hand column the scale of the monocytes and lymphocytes The 
continuous fine line indicates the polj'morphonuclears , the continuous coarse 
line, the monocytes, and the fine dotted line, the lymphocytes The horizontal 
dash line represents the normal maximum for monocytes 



Chart 2 — Leukocyte variations in case 13 
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Chart 3 — Lciikocvtc variations in case 10 




Chart 5 — Leukocyte variations in case IS 
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Ime did not occiu dining the obseivations The dination of the 
monocytosis also vaiied The shoitest dination obseived was two 
days, the longest was six days, except in case 17, in which the mono- 
cytosis was sustained as long as the obseivations weie continued 
(chait 6) The patient in this case developed an empyema In all 



Chart 6 — Leukocjte variations in case 17 



cases, with the exception of case 17, the nnmbei of monocytes had 
fallen to within normal limits befoie the obseivations weie discontinued 
The mam points legaiding the monocytes aie summarized in table 1 
It IS found that the curve of the total monocytes in eveiy case is 
lemaikably smooth, often in spite of wide vaiiations in the total leuko- 
cyte count (chait 2) The uses and falls occur giadually, and these 
cinves would probably be still smoothei with moie accinate technic 
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These smooth curves indicate that it is the total count of monocytes 
per cubic millimeter and not the percentage which is of importance, 
the steady rise and fall is emphasized because it is believed to be of 
particular significance, especially in view of the complex nature of a 
clinical case m which, even under hospital conditions, it is so difficult 
to be sure of the presence or absence of complicating diseases 

The curves showing the number of monocytes are independent of 
the rises and falls of the other blood cells In most cases, the mono- 
cytosis occurs after the polymorphonuclears have resumed normal num- 
bers , in all cases, the monocytosis precedes the rise of the lymphocytes 
These facts at once suggest that the monocyte has some special func- 
tion different from that of the polymorphonuclears or other blood cells 
In the last three cases m table 1 there were high monocyte counts 
as soon as the patients were observed, the total number of monocytes 
fell gradually to within normal limits before the observations were 


Table 2 — Sitmmmy of Blood Counts Made on Patients zuith Lohai Pneumonia 


Case 

Day When 
First Seen 

Monocytes per 
Cubic Millimeter 

Total 

Leukocytes per 
Cubic Milhmeter 

Outcome 

21 

2 

320 

11,600 

Death on 3d 

22 

3 

450 

22,400 

17,600 

Death on 3d 

23 

3 

70 

Death on 4th 

24 

3 

480 

8,700 

Beco'v ered 

25 

4 

SO 

2,600 

Death on 4th 

26 

4 

390 

15,700 

Death on 6th 

27 

4 

730 

12,500 

Kecovered 

28 

G 

490 

16,500 

Death on 9th 

29 

6 

1,400 

13,400 

Beeovered 

30 

7 

1,200 

20,000 

Death on 8th 

31 

7 

940 

11,800 

Beeovered 

32 

7 

2,200 

34,600 

Beco\ ered 


Stopped (chart 7) There was a high polymoiphonuclear leukocytosis 
which fell gradually but irregularly to normal The lymphocytes in two 
cases were abnormally low at first, and later rose, in the thud the 
lymphoc)des were not depressed in numbers at the beginning In one 
case a definite but transitory lymphocytosis was observed The 
eosinophils were absent at first in all cases In two cases, a definite 
eosmophiha occurred later, and this was sustained foi some days in 
one of them 

In addition to the twenty cases described in the foiegoing, blood 
counts were performed in twelve other cases of lobar pneumonia, 
the results are summarized in table 2 Seven of these were counted 
within the first four days of the disease, and in six of them the mono- 
cytes were low , in the seventh case, they were slightly above the normal 
maximum In the remaining five cases, the blood count was made on 
the sixth or seventh day of the disease, in four of these, a definite 
monocytosis was present, in the fifth case, the number of monocytes 
was still low 
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Although one or even two or thiee examinations on a single patient 
aie not of much value m this work, the results m these cases m general 
agiee closely with those found in the more extensively studied series 

The results as far as the monocytes are concerned ma}- be sum- 
maiized as follows In most cases of lobar pneumonia theie is a 
characteristic leaction of the monocytes m the circulating blood These 
cells, in total numbers per cubic millimeter, are within normal limits at 
the beginning of the disease, the numbers rise m all cases to a point 
definitely above the normal maximum This monocytosis lasts for a 
few days The peak of the monocytosis generally occurs after the 
crisis Following the peak, the monocytes gradually fall to within normal 
limits 

If death occurs early in the disease, the numbei of monocytes is 
generally found to be low, when death occurs later, monocytosis may 
be present be foie death 

The significance of the monocytosis was not realized until many cases 
had been studied m detail, hence not all the cases were followed 
clinically as closely as one would have wished It is believed, however, 
that there is evidence from this work that the monocytosis is intimately 
associated with resolution 

Reference to table 1 shows that the monocytosis m the sixteen 
patients who recovered occurred at three stages in the disease In 
three cases there was a monocytosis as soon as the patients were seen 
In the majority, the monocytosis occurred at about the end of the 
first week , m two cases it occurred at the end of the second week One 
case from each group will be described 

In case 20 (chart 7), the patient was first seen on the second day, 
when there were definite signs of consolidation of the left lower lobe 
On the fourth day the signs had practically disappeared, and under 
the fluoroscope only a haziness m the lower part of the left chest was 
seen without a definite shadow of consolidation There was no doubt 
from the clinical signs that there had been resolution rapidly and early 
The crisis occurred on the fifth day, and the further progress of the 
case was uneventful 

In this case a high monocytosis was present on the second day, and 
this gradually subsided until the number of monocytes was within 
normal limits (chart 7) 

Case 7 is an example of the majority of cases in which the mono- 
cytosis occurred at about the end of the first week (chart 4) The 
patient was admitted to the hospital on the second day, he presented 
signs of consolidation in his right lung The condition spread, and 
by the fifth day the patient had a dense shadow which appeared to 
involve portions of all three lobes Evidence of resolution appeared 
about the same time, by the ninth day, the shadow under the fluoro- 
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scope was definitely less dense than befoie, on the eleventh da} only 
a faint shadow was piesent in the light lung 

The number of monocytes was within normal limits at fiist, there 
was an increase on the fifth day, and they continued to mciease until 
the eighth day, when the peak occuried By the eleventh day, the 
number was again within normal limits (chart 4) 

Case 15 IS an example of the cases m which monocytosis appeared 
at the end of the second week (chait 5) This patient was first obseived 
on the third day, the signs in the lungs were indefinite at fiist, but 
giaduall} became moie evident, and fiank signs of consolidation 
appeared and spiead until the whole right lung was solid The ciisis 
occuiied on the eleventh day, at this time no signs of lesolution were 
piesent, and undei the fluoroscope the whole light lung was occupied 
b} a dense shadow Within two days of the crisis, signs of resolution 
were noted, percussion was not so flat, moist sounds could be heaid, 
and bionchial breathing was not so evident The shadow seen under 
the fluoroscope was definitely less dense then pieviously Up to the 
time of the crisis, the numbei of monocytes had been uniformly low 
At the time that signs of resolution appeared, they commenced to 
mciease m numbei s m the circulating blood, the peak of the mono- 
cytosis occuiied on the fifteenth day, and at this time the fluoioscope 
showed a shadow at the base of the lung only, the lemainder of the 
lung appearing to be cleai The numbei of monocytes had fallen to 
noimal thiee days aftei the peak, at this time signs m the lung were 
scanty, and the fluoioscope showed a small shadow still piesent at the 
liase The patient made an uninterrupted recovery 

RESOLUTION 

In most cases it is not possible to say just when lesolution com- 
mences It IS possible, wuth the help of the fluoioscope, to watch a 
dense shadow in the lungs become much lighter oi piactically disappear 
in the course of a few days This is the most ceitain evidence that 
1 esolution is taking place 

Of the patients whose cases aie lecorded in table 1, sixteen 
lecovered In six of these the i esolution w'as w^atched under the 
fluoroscope , in all six a monocytosis appeared m the circulating blood 
at the time lesolution was taking place, but the monocytosis did not 
last throughout resolution In six other cases the monocytosis devel- 
oped at the time that ordinary clinical evidence indicated that i esolution 
was commencing, but this was not confiimed under the fluoroscope In 
the othei four cases the evidence was not ceitain, as the cases were 
not follow’^ed sufficiently closely A summary of some of the clinical 
details of these tw'enty cases is given in table 3 , 
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Signs of lesolution appeal most commonly at the time of, oi shoitly 
aftei, the ciisis, and in the majoiity of the cases studied this was also 
the time at -v\hich the monocytosis appealed (table 1) 

It IS believed that we have here an explanation of the mqnocyte 
ctiives In a typical case, a polymoiphonucleai leukocytosis is piesent 
in the circulating blood dm mg the stage of consolidation, and the 
monocytes lemain within noimal limits The polymorphonucleai s 
appeal in the alveoli of the lung and pioduce the chaiacteiistic exu- 
dation At about the same time as the lesolution commences, the 
nionoc}tes in the ciiculating blood inciease in numbeis to such an 
extent as to pi oduce a definite monocytosis This monoc} tosis does not 


Table 3 — Siimmmy of Clinical Data of T-iociily Patients with Lobai Pnciiinonia 


Ciisc 

Age 

Dny of 
Disease 

l3Pe 

Blood 

Culture 

Xuinbcr 
of Lobes 

Treatment 

Notes 

1 

34 

O 

1 

+ after 4th day 

4 

Seium 

Died on 9th day 

O 

40 

3 

3 

4- on 5th and 

o 

Ao serum 

Died on 7th daj 

3 

37 

0 

1 

7th davs 
+ on Gth daj 

1 

Ko sciura 

Died on Gth day 

4 

4S 

1 

2 

— throughout 

> 

Seium 

Died on 7th day 

5 

44 

1 

2 

— throughout 

1 

Seium 

Mild serum disc isc 

b 

42 

2 

4 

- 1 - on 3d daj 

1 

1 injection 

Deliiium ticmens 

7 

45 

2 

O 

O 

Aot t iLen 

O 

of serum 

1 injection 

Asthmatic 

s 

25 

2 

3 

— thioughout 

2 

of 5 cc scrum 
No serum 

Negio.Wassermann 

9 

3-1 

o 

o 

2 

Aot taken 

1 

No seium 

leaction positive 
Tempera till e fell 

10 

2S 

2 

1 

— throughout 

1 

No seium 

bj Ijsis 

11 

43 

) 

1 

— throughout 

2 

No seium 


12 

45 

o 

— 

^ot taken 

1 

No seium 


13 

18 

2 

1 

+ (1 colony onh ) 

1 

Seium 

Seium disease 

14 

31 

3 

3 

on 2d daj 
— tliroughout 

3 

No serum 

Dela,ed lesolution 

15 

15 

3 

4 

— throughout 

■» 

J 

No serum 

Delayed icsolutiou 

IG 

42 

2 

1 

+ (few colonies) 

3 

No serum 

Infected nas il 

17 

21 

2 

1 

on ath day 
+ on 3d d n 

1 

1 injection 

sinus 

I::mp^eInn found 

IS 

39 

j 

1 

on 2d day 

3 

of serum 
Serum 

on nth day 

Negio 

I'l 

28 

1 

2 

— throughout 

4 

No serum 

Negio 

20 

30 

2 

4 

— throughout 

1 

No serum 

Rapid resolution 


* All patients ttcre men iMtli the exception of patients 14 and 15 


last thioughout the stage of lesolution, signs mav still be piesent, and 
a light shadow undei the huoioscope may still be visible aftei the 
number of monocytes has fallen to noimal 

Climcall}, signs of lesolution may appeal at vaiying stages in the 
disease in diffeient cases of pneumonia Theie may be signs of 
lesolution early m the disease, even before the crisis, oi no sign of 
lesolution may be piesent until much later than usual Some of these 
atypical cases aie desciibed m this aiticle, and the close association of 
the monocytosis with lesolution even in these cases is pointed out It 
IS possible that the other cases which piesented a high monocytosis in 
the early stages of the disease may ha5e a similai explanation, but that 
the evidence chnicalh was not conclusive, oi some undetected compli- 
cating facloi may have been piesent 
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In the four cases lecoided in table 1 in which death occuired early 
in the disease, no clinical signs of resolution were present The number 
of monocytes was persistently low in all Unfortunately, autopsy was 
not performed on any of these four 

Theie is a small amount of pathologic evidence m support of the 
belief of the close association of a monocytosis with lesolution Of the 
thirty-two cases in the entire series, eleven ended fatally, four of 
these came to autopsy In three cases (21, 23 and 25) death occurred 
within the first four days of the disease, the number of monocytes was 
low in all Autopsy levealed massive consolidation of the lungs, which 
were a dirty red color and buttle on pressure on the cut surface No 
sign of resolution was piesent Microscopic sections of one of the 
lungs (case 25) showed the typical appearance in the stage of consoli- 
dation, the alveoli were filled with polymorphonuclears, debris of red 
blood cells and fibiin No micioscopic evidence of absorption of the 
exudate was present 

The patient in the fouith case (case 30) died on the eighth day 
On the day befoie death a well marked monocytosis was present in the 
circulating blood Autopsy showed that the affected lobes of the lung 
weie resolving, on microscopic examination, the alveoli were seen to 
contain a few large mononuclear cells , little debris was present, and the 
affected portion of the lung was m an advanced stage of resolution 

It IS suggested that the monocytosis m the circulating blood is an 
indication of an emigiation of monoc3hes from then place of origin to 
the lungs to peiform a function closely connected with resolution 

SUMMARY 

1 A study IS presented of the leukocyte variations in the circulating 
blood in thirty-two cases of lobar pneumonia 

2 In twenty cases, daily observations were made on the blood 
throughout the disease 

3 A monocytosis developed in the circulating blood of all patients 
except those who died early in the disease 

4 Evidence is given which shows that this monocytosis is closely 
associated with resolution of the affected lung 



ACTION OF DRUGS ON CARDIAC OUTPUT 

IV EFFECTS OF CAMPHOR AND STRYCHNINE ON THE CARDIAC 
OUTPUT OF INTACT UNNARCOTIZED DOGS 

CHARLES P WILSON, MD 
TINSLEY RANDOLPH HARRISON, MD 

AND 

COBB PILCHER, MD 

NASHVILLE, TENN 

Oul present knowledge concerning the action of the so-called 
“caidiac stimulants” is incomplete Many clinical and experimental 
studies have been made of then effects on blood pressuie and pulse 
rate The essential function of the heart, howevei, is to pump blood, 
and befoie evaluating any diug as to its cnculatoiy action, information 
of Its effects on the caidiac output is essential Cardiometiic and other 
observations on decerebrate or anesthetized animals with the chest 
opened cannot suffice for this pin pose Harrison and Leonaid^ have 
shown that digitalis, which has lepeatedly been demonstrated to inciease 
the output of the isolated heait, has piecisely the opposite effect on the 
intact animal 

The rather surprising lesults obtained with digitalis have seemed to 
warrant an investigation with the newer methods of other drugs com- 
monly used m the tieatment of patients with cnculatoiy disoideis The 
lesults of studies on caffeine aie being repoited in anothei papei - In 
brief, the lesuIts found were a slight diminution in minute caidiac 
output after doses compaiable to those usually given to man for thera- 
peutic pin poses and a greatei deciease with laiger doses of the duig 

Camphoi and strychnine are fiequently employed in the tieatment 
of patients with acute and chronic cnculatoiy failure A perusal of the 
literature suggests that their value in this respect is fai fiom established 
Thus, in regal d to expeiiments with camphor, Sollmann ® says “These 
aie inconstant, different investigators repoiting divergent lesults and 
conclusions ” Summarizing clinical repoits, he adds “Camphoi is 
used clinically as a temporal y cardiac stimulant Opinions are divided 
as to Its usefulness The effects, if they occur, are inconstant and 

From the Department of Medicine, Vanderbilt Univeisitv 

1 Flarrison, T R, and Leonard, B W The Effects of Digitalis on the 
Cardiac Output of Dogs, J Clin Investigation 3 1, 1926 

2 Pilcher, C , Wilson, C P , and Harrison, T R The Effects of Caffeine 
on the Cardiac Output of Dogs, in press 

3 Sollmann, T Manual of Pharmacology, Philadelphia, W B Saunders 
Company, 1922, p 229 
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unreliable ” Cushny ^ said of camphoi “ its eftects on the 

heait in therapeutically possible amounts aie tiifling oi entiiel} nega- 
tne ” More lecent phaimacologic and clinical obseivations suppoit the 
conclusions of Sollmann and Cushny As a lesult of extensn e imestiga- 
tions, Heathcoate ° concluded that evidence “that camphor possesses aii} 
\alue whatevei as a cardiac oi ciiculatoiy stimulant” was lacking 
MarMii and Soifei,® after pointing out the videspiead clinical use and 
the gieat faith which many physicians place in the diug, lepoited the 
lesults of then ovn caieful studies Doses of ficm 0 2 Gm to 3 Gm 
failed to influence the pulse rate, lespiiations, Mtal capaciA, blood pies- 
suie, electrocaidiogiams oi geneial condition of noimal peisons or 
patients with caidiac failuie, wheieas most of the patients piompth 
improved when digitalis therap} was subsequent!} instituted The 
majoiit}’’ of favoiable clinical lepoits concerning camphor consists of 
isolated cases in which the action of the drug was not well controlled 

Str 3 ’^chnine is fiec[uently used foi its effect on the circulation, 
although possibly less so than a few' yeais ago Opinions concerning 
its \alue diftei Cameion^ found that 0 03 mg pei kilogiam of bod^ 
weight increased the “tonicit}” of the mammalian heait, slightly laigei 
doses caused an increased cai diac output as measui ed by the cai diometei 
Edmunds® obseived that strychnine inci eased the secietion of the 
suprarenal glands, which augments caidiac output® Cushii} * said that 
the mammalian heait is not affected by stiychnine Accoiding to 
Sollmann,® the “caidiac conti actions aie not changed ” Maivin studied 
the effects of str}chnme on medical students and found slow'ing of the 
heart and increased blood piessuie aftei the administiation of fioin 
Vio to %o giains (0 0015 to 0 003 Gm ) of the chug Cook and Briggs 
observed the effect of strychnine m h}potensive conditions, and con- 
cluded that It was “bv fai the most satisf 3 ing caidio^asculai stimulant 

4 Cushn 3 , A R A Text Book of Pharmacology and Therapeutics, Phila- 
delphia, Lea & Febiger, 1918, p 271 

5 Heathcoate, R St A Action of Camphor, jMeiithol and Thymol on the 
Circulation, J Pharmacol & Exper Therap 21 177, 1923 

6 Marvin, H IM , and Soifer, J D The A^alue of Camphor-in-Oil as a 
Cardiac Stimulant, J A ]\1 A 83 94 (Julv 12) 1924 

7 Cameron, J P Studies on Cardiac Tonicitv in ]\Iammals Johns Hopkins 
Hosp Rep 16 549 1911 

8 Edmunds, C W The Importance of the Adrenal Glands in the Action 
of Pilocarpine, Plwsostigmme and Strychnine, J Pharmacol & Exper Therap 
20 405, 1923 

9 Odaira, T Observ^ations on Gaseous Metabolism and klinute Volume 
I Relation to Internal Secretions, Tohoku J Exper Aled 6 325, 1925 

10 Marvin, D A Preliminary Report on the Effect of Strychnine and 
Digitalis on Man, Arch Int Med 11 418 (April) 1913 

11 Cook, H W , and Briggs J B Clinical Observations on Blood Pressure 
Johns Hop! ins Hosp Rep 11 451, 1903 
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foi long continued loutine administialion ” Canieion" believed that 
sti}chnine was pailiciilail)^ indicated in conditions of caidiac dilatation 
without decompensation, and cited anemia as an example On the othei 
hand, Paikmson and Rowlands^- and Newburgh” lepoited no effect 
fiom sti 3 chnme in patients with decompensation Lucas did not find 
any beneficial lesult m childien with iheumatic disease of the heait 
Cabot ” did not obsene any benefit from stiychnine m patients with vaii- 
ous infectious diseases Newhuigh did not note any effect on the blood 
piessuie m eight of seventeen patients with hypotension, , and only a 
tempoiaiy use in nine He lepoited that stiychnine sulphate in medic- 
inal doses does not mciease the output of the heait, slow the pulse or 
mateiially laise the blood piessuie, and he believed that there was no 
logical basis foi its use as a caidiovasculai stimulant Hewlett did 
not obsene aii) effect on the size oi foim of the pulse wave in man, 
but he believed that the flow of blood thiough the aim was sometimes 
inci eased 

The foiegoing biief leview maybe summaiized as follows 1 Both 
clinical and phai macologic ca idence indicates that camphoi does not have 
a constant action on the heait and is not of value in the treatment of 
patients with ciiculatoiy disordeis 2 The evidence legaiding sti}ch- 
nme is so conflicting that no conclusions aie wan anted 

METHOD 

Mai shall ” has lecently demonstiated the feasibility of tiaining dogs 
toi caidiac punctuies and lespiiatoiy manipulations, and has emphasized 
the fact that opeiations, naicotics and anesthetics may cause piofound 
alteiations in the caidiac output Oui expeiience is in accord with his 
Naicotized animals weie not used in these expeiiments, all the dogs 
being healthy and “tiamed ” Opeiation was not peifoimed Occasion- 
all} the animals stiuggled, when this was in any sense maiked, the 
deteimniation was discaided 

12 Parkinson, J, and Rowlands Stnclmine in Hcait Failure, Quart J Med 
7 42, 1913 

13 Newburgh, L li On the Use of Strychnine m Broken Cardiac Com- 
pensation, Am J M Sc 149 696, 1915 

14 Lucas, W P Studies m Cardiac Stimulants I Strychnine and Caffeine 
Group, Am J Dis Child 7 208 (March) 1914 

15 Cahot, R C Measurement of Blood Pressuic m Fevei, Before, During 
and After Admimstiation of Strychnine, Tr A Am Phys 19 22, 1904 

16 Newburgh, L H The Use of Strychnine and Caffeine as Cardiovascular 
Stimulants in the Acute Infectious Diseases, Arch Int Med 15 458 (March) 
1915 

17 Hewlett, A W The Pulse Flow in the Brachial Artery V The 
Influence of Certain Drugs, Arch Int Med 20 1 (July) 1927 

18 Marshall, E K , Jr Studies on the Cardiac Output of the Dog, Am J 
Physiol 77 459, 1926 
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The details of oui technic have been published elsewhei e The 
consumption of oxygen was detei mined by the Benedict spiiometei and 
Blalock mask Simultaneous samples of arterial blood and right ven- 
tricular venous blood weie drawn and analyzed for their oxygen content 
in the Van Slyke-Neill manometric apparatus The caidiac output was 
calculated from the Fick foimula 

cc O: consumed per minute 

= No of cc of blood passing through 

cc O- taken up by 1 cc of blood the lungs per minute 
m passing through the lungs 

Aftei one — in many instances two — control determinations of car- 
diac output, the diug was administered subcutaneously The prepaia- 
tions used were camphor in oil (20 per cent solution — Paike, Davis & 
Co ) and stiychmne (Paike, Davis & Co ) tablets dissolved in watei 
The doses of camphoi used were 4, 8 and 15 mg per kilogram of body 
weight (these correspond lespectively to 4, 8 and 15 grains foi a man 
weighing 140 pounds [63 5 Kg ] ) The doses of strychnine used were 
0 01, 002, 0 04, 0 08 and 0 16 mg per kilogram of body weight (VioO) 
YoO^ M ,2 Yd giams [0 6, 1 3, 2 5, 5 4 and 10 8 mg ] for a man 

weighing 140 pounds [63 5 Kg ] ) 

Approximately thiity minutes aftei the diugs had been injected, the 
cardiac output was again determined In many of the experiments, a 
thud and sometimes a fouith observation was made in order to test the 
duration of the effect of the drug The procedures for the individual 
experiments ai e showm in the tables 

The pulse late was counted when the samples of blood weie diawai 
The minute ventilation was estimated fiom the spiiometer tiacing, the 
average lespiiatory depth being multiplied by the respiiatory rate 

In all, thirty-three expeiiments weie carried out and 111 determina- 
tions of caidiac output were made 

RESULTS 

A Conti ol Studies — In older to obseive whethei a subcutaneous 
injection per se could change the circulatory minute volume, thiee 
detei mmations of cardiac output were made befoie and aftei the sub- 
cutaneous administiation of tap w'^ater The lesults aie shown in 
table 1 

In each instance the caidiac output aftei the injection was ivithin 5 
pel cent of the value obtained before the injection The mean vaiiation 
m the three experiments was — 2 6 per cent in cai diac output and — 46 
per cent in the consumption of oxygen 

19 Harrison, T R, and Leonard, B W (footnote 1) Pilcher C , Wilson, 
C P, and Harrison T R (footnote 2) 
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In eighteen of the thnt}-thiee experiments with camphoi and str3ch- 
nine, duplicate control detei minations of caidiac output Aveie made 
When these vaiied by moie than 10 pei cent, fiuther control detei - 
minations iveie made, until appioximatel}’- constant values for cardiac 
output had been obtained In the eighteen expeiiments in wdiich dupli- 
cate control studies w'ere carried out, the maximum vaiiations in caidiac 
output were -f- 12 and — 16 per cent, while the maximum variations in 
the consumption of oxygen w^ere 14 and — 20 per cent The mean 
sanations weie — 2 4 and — 2 6 per cent for caidiac output and con- 
sumption of OX} gen respectively 

Whereas these tivo functions lemained lelatneh constant, the pulse 
late was subject to wude \aiiations, and consequently the output per 
beat was inconstant These observations aie in accoid wnth those of 


T \BLE 1 — Coutio! Eipcniiuiifs on Caidtac Output and Consumption of 0\ygcn 
Bcfoic and Aftci the Subcutaneous Advnmitration of Tap JJ'atei 


Before the 
Administration of 1 

Cc of Tap WTater Thirtj Slmutes After the Administration of 
Subcutnncouslv 1 Cc of Tap Water Subcutaneously 

, . , , . , 

Consump- Consump- Percentage 

tion of Cardiac tionof Cardiac Change m Percentage 
Oxygen Output Oxvgen Output Consump Change in 


Animal 
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per 

per 

per 
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C.ardnc 

Xo 

Weight Kg 
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Min Cc 

Min Cc 

Min Cc 
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Output 
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11 1 

01 0 
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2 
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Vo 3 

SO 

Si 1 
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Sf 1 

19S0 

0 

n 

— o 

V«i 

7 3 
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2S20 

916 

2SOO 
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Marshall,^® who leported lelatively little change in caidiac output and 
great variations in pulse late in his gioup of trained dogs 

Although the cardiac output for a given animal on a given day was 
usuall} stiikingly constant, wide variations w^ere obseived m some of 
the animals on different days , in general, the cardiac output w as con- 
siderably higher than in Maishall’s dogs or than in the group of animals 
previously studied by Hanison and Blalock-® The latter obseivers 
reported that the caidiac output per minute of noimal dogs w^as betw^een 
100 and 210 cc per kilogiam of body weight In our expeiiments, one 
half of the contioi ^alues were above the level, and the average figuie 
w'as 224 cc This may best be asciibed to anemia, wdiich. as Blalock and 
Harrison-^ haie shown, causes an increase in output All the studies 
were earned out on eleven dogs, and the fiequent bleeding caused a 
diminution m hemoglobin of varying degree in all of them As anemia 

20 Harrison, T R, and Blalock, A Cardiac Output During Anoxemia, 
A.m J Phjsiol in press 

21 Blalock, A , and Harrison, T R The Effects of Anemia and Hemorrhage 
on the Cardiac Output of Dogs Am J Plnsiol 80 157 (March) 1927 
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inci eased, the caidiac output became highei As the eftects of the diugs 
obtained in those animals with high caidiac output weie entnely similai 
to those found in the dogs which had lowei values foi this function, it 
IS not felt that anemia aftected the lesults in an)’- way 

B The Effects of Camphoi and Shychnmc — The geneial condition 
of the animals was not aftected by camphor Aftei the largei doses of 
stiychnme weie admimsteied, lestlessness and excitability weie alwa}s 
obseived None of the animals died or, so fai as could be observed, 
suft’eied any permanent eftects fiom the dings 

The pulse late was extiemely variable In some instances a deciease 
was noted after the administiation of the drug, in otheis, an inciease 
The aveiage change in pulse late aftei camphoi (all doses) was an 
inciease of eight beats jiei minute, the average change aftei strychnine 
was an inciease of thiiteen beats pei minute We do not attach aii) 
significance to the alteiations in pulse late, as the}'- weie inconstant and 
not gieatei than changes that may occur spontaneously 

The values foi lespuatoi) lates and minute \entilation aie not 
included in the tables because no significant change occuiied in lespiia- 
toiy late oi depth, and hence neithei minute ventilation noi alveolai 
ventilation was alteied This was lathei sui prising, since stiychnme is 
widely used as a lespiiatoiy stimulant Maivin,^® howevei, did not 
obsene any eftect on the lespiiation of noimal men Lucas lepoited 
no eftect in childien Cushny * said that the lespiratory rate was 
inci eased by str)chnine, wheieas camphoi did not have any significant 
eftect 

The consumption of ox}gen was sometimes slightly increased and in 
othei instances slightly deci eased aftei the administration of camphoi 
The changes weie not gieatei than those which occuiied spontaneously 
in control expeiiments, and weie usually less than 10 pei cent The 
aveiage changes in consumption of oxygen weie — 3, + 2 per cent and 
+ 2 pel cent aftei doses of 4, 8 and 15 mg pei kilogiam of body weight 
respectnely (chart 1) An inciease in the consumption of oxygen 
followed the administiation of stiychnine in piactically eveiy instance 
This change was considerably greatei than the spontaneous variations 
in contiol expeiiments The average change with the different doses 
^^as from 11 to 34 per cent, the gieatest inciease occuinng with doses 
of 008 mg pel kilogiam of body weight (chait 3) Quantitatively, the 
eftect of stiychnme on the consumption of oxygen was variable with 
different doses and in diftei ent dogs , qualitatively, this eftect was strik- 
ingly unifoim 

The aiterial oxygen remained fairly constant oi deci eased slightly 
after the administration of the diugs The lenous oxygen content 
varied in the expeiiments with camphor, and the utilization of oxygen 
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did not show an} constant changes In the expeiiments ■with stiychnine, 
the venous oxygen vas usually diminished after the diug and the utiliza- 
tion increased 

The minute cai diac output was not changed m an} constant dii ection 
by camphor Inci eases of as much as 25 pei cent and decreases as great 
as 30 per cent were observed, but m the majoiity of instances the cardiac 
output after camphoi had been gnen was within 10 per cent of the out- 
put before the di ug had been administei ed 

The effects of stiychnine weie consideiabl} inoie umfoiin Doses 
comparable to those used therapeutically produced an increase in cardiac 



Chart 1 — The majority of the i allies for cardiac output after the administra- 
tion of camphor are within 10 per cent of the control There is no constant 
tendency for the cardiac output (solid circle) to increase or decrease after the 
drug IS given The effects on the consumption of ovjgen (hollow circle) are 
negligible 

output m eleven of thnteen instances The degree of mciease, howevei, 
was variable, i e, fiom 1 to 56 per cent The aretage inciease -was 
approximately 20 pei cent, which is much gi eatei than the limits of ei i or 
of the method Expeiiments showing typical effects of tap watei, cam- 
phoi and strychnine are platted m chart 2 

The relationship between dosage and changes m caidiac output is 
depicted in chaits 1 and 3 As can be seen in chart 1, the effects of 
camphor weie variable with each dose, but no conspicuous diffeience is 
noted between the different doses, the mean values f oi cai diac output all 
falling within the assumed limits of eiior of the method (10 pei cent) 




Taili 2 — llic Effect of Cainfhoi on Caidiac Ontful and Conmniption of Oxygen 
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With stiychnine, a much raoie definite lelationship between dosage 
and change in caidiac output is disceinible Subthei apeutic doses 
(0 01 mg per kilogiam of body weight) caused slight diminution ( — 10 
pel cent) in caidiac output Doses within the thei apeutic lange (from 
0 02 to 0 08 mg pei kilogiam of body weight oi fiom to V 12 giam 
[from 13 to 5 4 mg ] foi an adult weighing 140 pounds) caused an 
mciease m cardiac output The aveiage \ allies were 20. 21 and 10 pei 
cent foi 0 02, 0 04 and 0 08 mg pei kilogiam of hod} w^eight, lespec- 
tively It IS notew'orthy that the laigei dose caused the least change of 
the three Doses somewhat largei than those oidmaiil} used in theia- 



Chart 2 — The effects of tap water and camphor are shown to be negligible 
while the cardiac output is increased from 1,980 to 2,270 cc (IS per cent) after 
the administration of strjxhnine These single experiments represent tipical 
results 

peutics (0 16 mg pei kilogiam of body weight 01 % giam [10 8 mg ] 
for an adult weighing 140 pounds) did not cause aii} significant change 
01 cause a slight diminution in minute caidiac output It is impoitant to 
note that with any giien dose the degiee of mciease m minute cardiac 
output waned gieatly in different experiments 

The duration of the effects of the diugs w'^as not caiefull} studied 
Such changes in caidiac output as occuiied aftei camphoi usuall} dis- 
appeaied wnthiii two houis The effects of sti 3 ’^chnine seemed to last foi 
a somewhat longei time, but this point was not investigated thoioughh 
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COMMENT 

Camphoi, str 3 xhnine and caftexiie aie used almost interchangeably 
by many physicians as “caidiac stimulants” for patients with acute 
circulatoiy failuie A compaiison of the action of the drugs is, theie- 
fore, of some inteiest In chait 4 the aveiage effects of comparable 



Chart 3 — The eftects are variable quantitatively The largest and smallest 
doses, however, are followed by a slight diminution in cardiac output, whereas 
the output IS increased after intermediate doses The consumption of ox 3 rgen 
(hollow circles) is always increased to greater degree than the cardiac output 
(solid circles) 

doses of the three diugs on the minute caidiac output of dogs are shown. 
The values for caidiac output after caffeine are taken fiom our lesults m 
anothei publication - 

Stiychnme in “thei apeutic” doses inci eases caidiac output, camphor 
does not have any constant effect, and caffeine, which in small doses 
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causes practically no change, produces a diminution when given in large 
doses These obseivations suggest that it is irrational to consider any 
one of these drugs as a substitute foi eithei of the others in the thera- 
peutics of circulatoiy disorders 

So far as camphor is concerned, this work only adds to the lathei 
convincing evidence already mentioned, that the drug does not have any 
action which indicates its value in the treatment of patients with dis- 
turbances of the cardiovascular system 

The interpretation of the results with stiychnme is considerably less 
obvious Since this drug has been demonstrated to increase cardiac 
output and consumption of ox3'gen, it might be argued that it consti- 



Chart 4 — The average values for consumption of oxygen and cardiac output 
after the administration of various doses of caffeine, camphor and strychnine are 
plotted together so as to contrast the three drugs Obviously, average values are 
of little significance when the variations m the individual experiments are marked 
(charts 1 and 3) However, the general tendencies of the drugs are illustrated 
The consumption of oxygen (hollow circles) is not altered by caffeine (the 
unbroken line) and camphor (the broken line) but is definitely increased by 
strychnine (the dot and dash line) The cardiac output (solid circles) is prac- 
tically unchanged after camphor, diminished after caffeine and usually increased 
after strychnine 

tutes the treatment par excellence for shock, m which both of these 
functions are depressed, as Aub -- and Aub and Cunningham have 
shown 

22 Aub, J C Studies m Experimental Traumatic Shock I The Basal 
Metabolism, Am J Phjsiol 54 338, 1920 

23 Aub, J C, and Cunningham, T D Studies m Experimental Traumatic 
Shock II 0x1 gen Content of the Blood, Am J Physiol 54 468, 1920 
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To this point of vle^\ theie aie at least two objections 1 Stijxh- 
nine — in oui obseivations at least — inci eases the consumption of oxygen 
to a greatei degree than the caidiac output An increase in the con- 
sumption of oxygen means an inci eased demand on the circulation, and 
it IS doubtful whether a diug which mci eases the demand for blood to a 
gi eater degree than it augments the flow is valuable in conditions of 
acute ciiculatoi)' failuie oi shock 

2 Even if the pievious objections to the use of stij^chnine aie 
waived, the fact lemains that the quantitative effect of the diug on the 
caidiac output — in dogs at least — is variable “Theiapeutic” doses piac- 
tically always caused an inciease m cardiac output, but the degree of 
inci ease was sometimes negligible and sometimes as much as 50 per cent 

In chronic cardiac insufficiency oi cai diac decompensation, there does 
not appear to be any lational basis foi the use of eithei camphoi oi 
stiychnine The latter, like digitalis, may increase tonicity, but stiych- 
nine and digitalis have opposite effects on the noimal caidiac output, and 
the action of digitalis is much more constant 

SUMMARY 

The effects of camphoi and of stiychnine on the caidiac output of 
noimal, unnaicotized dogs have been studied by the Pick method The 
doses used weie comparable to those used in theiapeutics 

The effects of camphoi weie inconstant The cardiac output and 
consumption of oxygen weie usually not significantly altered, although 
deci eases and inci eases sometimes occuried 

The effects of stiychnine vaiied accoiding to the amount of the 
diug administered Doses of 001 and 016 mg pei kilogiam of body 
weight did not cause any change or caused a slight diminution in caidiac 
output Intermediate doses — 002, 0 04 and 008 mg per kilogiam of 
body weight — caused an inci eased minute caidiac output The degree of 
increase averaged appi oximately 20 pei cent but was vaiiable in different 
expel iments The consumption of oxygen was inci eased to a gi eater 
degiee than the cardiac output 

CONCLUSIONS 

The evidence obtained fiom the study of their effects on the caidiac 
output of noimal dogs suggests (1) that camphoi has no value in the 
treatment of patients with circulatoiy disoideis, and (2) that the value 
of stij^chnine in such conditions is unpioved 



POLLEN ALLERGY 

II THE GENESIS OF SKIN HYPERSENSITIVENESS IN MAN 
R W LAMSON, MD 

AND 

HYMAN MILLER, MD 

LOS ANGELES 

Heieclity is appaiently an impoitant piedisposition in most alleigic 
pel sons, neveitheless, theie are ceitam instances in which a carefully 
taker histoiy fails to leveal the slightest evidence of any allergic mani- 
festation 111 the patient’s ancestois Such instances suggest that clinical 
alleigy, including hi pei sensitiveness of the skin, may develop spon- 
taneousty or may be ai tificially induced 

The most thoiough attempts to study the lattei pioblem ha\e been 
earned out in Schloss’ clinic,^ in which it was demonstiated that noimal 
and marantic infants absoibed unchanged egg and milk proteins The 
blood of such infants may contain piecipitins foi the food taken, by 
employing the intracutaneous test, positive skin leactions weie obtained 
in about 50 per cent of these cases In anothei instance,- a boy, 10 
da}s old, was given egg-white without manifesting symptoms His 
next contact with egg was at the age of 14 months, and a definite intol- 
eiance of eggs was obseived It has been demonstiated, therefore, that 
piecipitins and skin leactions may be induced to ceitam foods 

The de^elopment of a mild degiee of skin sensitivity to hoise seiuin 
aftei injection of therapeutic seiums was noted by Cooke® The injec- 
tion of such small amounts of hoise seium as those used in immuniza- 
tion of a subject with diphtheiia toxin-antitoxin is sufficient to engender 
skin sensitization to hoise seium in about 27 pei cent of the cases* 

From the Allergj- Clinic of Dr George Piness 

1 Anderson, A F , and Schloss, O M Allergy to Cow’s Milk in Infants 
i\ith Nutritional Disorders, Am J Dis Child 26 451 (Nov) 1923 Anderson, 
A F et al The Intestinal Absorption of Antigenic Protein by Normal Infants, 
Proc Soc Exper Biol & Med 23 180, 1925 Du Bois, R et al The Develop- 
ment of Cutaneous Hi'-persensitivity Following the Intestinal Absorption of 
Antigenic Protein, Proc Soc Exper Biol & Med 23 1/6, 1925-1926 

2 Schloss, O M A Case of A^llergy to Common Food, Am J Dis Child 
3 341 (June) 1912 

3 Cooke, R A , and Vander Veer, Jr , A Human Sensitization, J Immunol 
1 201 (June) 1916 

4 Hooker, S B Human Hypersensitiveness Induced by Very Small 
Amounts of Horse Serum, J Immunol 9 7 (Jan ) 1924 Park, W H Human 
Hypersensitn eness to Whole Horse Serum or Serum Globulins Following Diph- 
theria Toxin-Antitoxm Injections — Its Importance, J Immunol 9 17 (Jan) 1924 
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Thus far we ha^e been discussing the pioduction of h} persensitu eiiess 
ot the skill in peisons pieviously not showing clinical evidence of alleig}' 

Stuait^ i\ains against excessne exposuie of the asthmatic child to 
inhalent pioteins to which skin tests made on him have been negatne 
A patient sensitive to seveial grasses should not be guen injections'’ 
iMth any to which he does not react Steiling claims that if this is done, 
the patient will acqune sensitization for the pollens to which he ^^as 
01 igmally not sensltl^ e He sa5’’s that this has been shown to be ti ue by 
letesting the patients dining the course of the desensitization treatments 
The data in this aiticle fail to suppoit tins claim 

Ceitain other clinical obseivations ' which, howerei, lack adequate 
laboratory control — such as skin tests — aie frequently quoted as evidence 
that alleigy ma} be induced b} sufficient exposure to certain grains, 
hoise dandiuft and rabbit ban In a lecent summaiy of hypersensitive- 
ness, Zinssei ® apparentl} considers some of these obseivations ® to be 
evidence that t} pical idios} ncrasies can be induced by pi evious contacts 
Opposition to the Mews expressed in the preceding paiagraphs is not 
entirel}^ lacking 

Not infrequently the fiist positne skin leaction to a certain food, 
pollen or othei substance is obtained after an alleigic patient has given 
consistently negatne leactions foi a month or moie This must not be 
consideied pi oof that the particulai sensitization has been lecently 
acquired It appears that this phenomenon might be explained by assum- 
ing that the sensitization had existed foi some tune, but that the thiesh- 
old of resistance had but lecently been exceeded A similar explanation 
seems applicable to those cases in A\hich the alleigic symptoms were 
manifested onl} after lepeated exposuie to a particulai exciting agent 

5 Stuart, H C, and Farnliam, M Acquisition and Loss of Hjpersensitu e- 
ness in Earlj’^ Life, Am J Dis Child 32 . 341 (Sept) 1926 

6 Sterling, A Pollen Protein Intoxication in Seasonal Bronchial Asthma, 
New York M J 114 328 (Sept 21) 1921 

7 Rackemann, F AI Can Hj persensitiveness Be Acquired^ J A kl A 
84 489 (Feb 14) 1925 Ratner, B Rabbit Hair Asthma in Children, Am T 
Dis Child 24 346 (Oct ) 1922 

8 Zinsser, H persensitiveness, Boston kl & S J 196 387 (klarch 10) 

1927 

9 Rackemann (tootnote 7, first reference) 

10 Koessler, K K The Specific Treatment of Hay-Fe\er, Forchheimer’s 
Therapeusis of Internal Diseases, New York, D Appleton & Company 5 671, 1914 
Goodale, J L Pollen Therapy in Ha}-Fe%er, Boston kl & S J 173 42 (July 8) 
1915 Cooke, R A et al The Nature of the Process and of the k'lechanism of 
the AllcMating Eftect of Specific Treatment, J Immunol 2 217 (Feb) 1917 
Coca, A F Hjpersensitu eness, Anaphjlaxis and Allerg^q J Immunol 5 363 
(Julj) 1920 
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Nuineious patients aie found with a negative skin leaction (both 
scratch and mtiacutaneous) to ceitain pollens which according to the 
history are impoitant etiologic factors In these cases, one oi more 
such pollens may be employed m the treatment Frequently clinical 
lelief IS not obtained until such a pollen is used These cases afforded 
us an excellent opportunity to apply a crucial test to the claims made by 
Steiling® and others, namely, that it is possible to induce positive skin 
leactions by injection of pollens into an allergic person These data 
obtained at the completion of the spring treatment in April and May, 
1927 are piesented in the tables The methods employed in diagnosis 
and treatment ha\ e been pi eviously outlined They are essentiall) 
those in use in other Alleigy Clinics and will not be repeated m detail at 
this time 

DISCUSSION OF TABLES 

The age, sex or pollen employed has no evident effect on the lesults 

In table 1, twent}-thiee patients aie considered In all but one (case 
24) the sensitizations are multiple and include sensitizations to giammae 
other than those employed in tieatment Asthma is one of the diagnoses 
in eighteen cases, in fact, it appears alone but once Hay-fever is 
pi esent m twent) -one patients and is the only diagnosis in tin ee of these 
cases All patients considered in this table aie typically alleigic per- 
sons, and they show a multiplicity of sensitization, thus demonstrating a 
capacity for skin reactivity 

In seventeen of the thirty-three obseivations theie has been no 
increase in the degree of skin leaction ovei that present before tieatment 
when tested at two and four week inteivals aftei the number of injec- 
tions indicated In twelve additional instances, in which results are 
available for but one of the two tests after treatment, there has been no 
increase in skin sensitivity Thus, in twenty-nine of the thirty-thiee 
obseivations, the injection of a pollen to which the patient’s leaction 
was foimerly negative has failed to induce skin hypei sensitivity It 
must also be remembered that these patients have had at least one and 
most of them numeious seasons of natural exposuie — inhalation — to 
these same pollens We have previously shown that usually injections 
of pollen are capable of deci easing the skin reaction in one sensitive to 
the pollen used 

There are four instances representing foui different pollens and three 
patients in whom the test two weeks aftei tieatment was consideied to 
be more positive than before tieatment, but in no instance has this been 

11 Lamson, R W , Piness, G , and Miller, H Pollen Allergy I Skin 
Sections of Patient Before and After Treatment with Spring (Grass) Pollens, 
Am T M Sc, to be published 
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shown to be the case at the last test These three patients had not 
leceived a pievious injection of the particular pollen, and the data fail 
to show that previous tieatments make it any easier to induce skin 
sensitization We believe that these foui observations are well within 
the limit of experimental eiroi, and that there is no evidence m support 

Table 1 — Effect of Injecting Pollens to Winch Patients Weie not Skin Sensitive 


Prc\ lous Skin Rcactionsf 

nVnnt- a 


Patient 

No 

Se\ 

Age 

Diagnoses 

lYeat- Number r 
ment Treat- 
■nith ments 

Policn This 
Pollen Indicated Course 

Be 

fore 

Treat- 

ment 

A 

2 Weeks 
After 
Treat- 
ment 

4 Weeks 
After 
Ireat 
ment 

other 

Sensi 

tiza 

tions 

S 

E 

48 

A HE U 

C 

None 

10 

— 

4 

2 

VWX 

15 

M 

54 

A HE 

0 

10 

10 

— 

— 

— 

WX Y 

21 

E 

0 

A HE 

0 

None 

10 

— 

— 

— 

WX Y 

21 

E 

10 

A HE 

C 

33 

15 

— 

— 

? 

WX 

39 

M 

38 

A 

C 

None 

13 

— 

2 

— 

VWX 

01 

r 

05 

4 HE 

0 

None 

21 

— 

— 

9 

W X 

09 

M 

33 

A HE 

c 

None 

11 

— 

— 

— 

WX 

10 

E 

41 

HP E 

01 

10 

15 

— 

2 

? 

W Y 

19 

M 

12 

A HE 

LI 

None 

11 

— 

— 

— 

WX Y 

20 

E 

53 

A HE 

Ll 

None 

17 

— 

4 

9 

WX Y 

30 

E 

27 

A HE D 

LI 

19 

21 

— 

— 

— 

WX 

SO 

E 

30 

A HE 

Ll 

None 

19 

— 

— 

9 

WX 

14 

E 

5 

A HE E 

P 

None 

10 

— 

— 

— 

V W Y 

1 

E 

23 

A HE 

P 

None 

20 

— 

2 

0 

V X Y 

1 

r 

23 

A HE 

P4 

None 

20 

— 

— 

9 

WX Y 

20 

E 

53 

A HE 

P4 

None 

17 

— 

, — 

9 

W X Y 

IT 

M 

29 

HE 

P4 

17 

10 

— 

9 

— 

V WXY 

8 

E 

48 

A HE D 

A2 

None 

10 

2 

4 

2 

VWX 

12 

E 

39 

A HE 

A3 

None 

15 

2 

2 

— 

VWX 

25 

E 

50 

A HE 

B 

None 

15 

2 

— 

9 

WX 

18 

JI 

4') 

A HE 

B 

None 

18 

2 

2 

— 

WX 

30 

E 

27 

A HE U 

B3 

None 

21 

2 

2 

— 

WX 

5 

E 

59 

A HE U 

C 

17 

15 

2 

— 

— 

WXY 

2i 

Jf 

02 

HE 

C 

10 

15 

2 

— 

— 

W 

29 

r 

33 

A HE 

D 

None 

15 

2 

— 

9 

V WX Y 

44 

E 

47 

HE 

El 

None 

15 

2 

2 

— 

WX 

12 

E 

39 

A HE 

H 

None 

15 

2 

— 


VWX 

21 

E 

0 

4 HE 

L 

None 

10 

2 

— 

— 

WXY 

21 

E 

50 

A HE 

L2 

None 

15 

2 

— 

9 

WX 

07 

M 

11 

E 

L2 

None 

18 

2 

o 

9 

WX 

1 

r 

59 

V HE U 

P 

None 

15 

2 

— 

— 

WXY 

21 

E 

0 

A HE 

P 

None 

10 

2 

— 

— 

WXY 

08 

M 

GO 

A HE 

P2 

None 

15 

2 

2 

9 

VWX 


* All =kin tests unless otlieraise indicated were made t)\ tlic intracutaneous method In 
ocvenl instances a patient ivas given injections -Hith more than one policn to -nhich his skin 
reaction was negative, and his identification numher may therefore appear more tii.in once in 
a table In the tables, the diagnoses in tlicsc cases are indicated bj key letters which hart 
the following significance A indicates asthma, E, eczema, HE, hay fever, and U , urticaria 
Tile spring pollens arc indicated as follows A indicates Agrostis palustris (redtop), A2, ‘\vcn i 
fatua (wild oat), A3, Amaranthus retrofiexus (rough piguoed), B, Bromus cannatus (Cah 
forma Brome-grass), B3, Bromus rigidus (broncho grass), C, Cynodon daetylon (Bermuda) 
01, Ohenopodium album (lambsquarters), B, Dactylis glomerata (orchard grass), El, rijmus 
condensatus (giant r>e grass), E, Eestuca californica (California fescue), El, Fcstuca elatioi 
(meadou fescue) E2, Eestuca rabra (red fescue), H Holcus halepensis (Johnson grass) 
L, Lolium multiflorum (Australian ryegrass), LI, Xolium perenno (ray grassh L2, Lohum 
temulentum (darnel grass), N, Notholcus lanalus (velvet grass), P, Phalaris minor (small 
canary grass), P2, Phlcum pratense (timothy), and P4, Poa pratcnsis (Kentucky blue grass) 
In order to demonstrate that these are truly allergic persons, we have tabulated by kej letter 
the type of skin sensitizations present in each patient Only strongly positive reactions have 
been considered The key letters in this column have the following significance V , epidermal 
structures, W, spring pollens (other than those included in the antigen), X, fall pollens, and 
Y, foods As we have previously indicated n a “2” plus reaction is one that shoys only a 
slight dilTerence from the control and is considered a negative result 

t The reaction in patient 15 vas formerly called a 2 plus (intracutaneobs) and is classed 
is a negative one The reaction in patient was first marked a 3 plus to Bermuda, though 
subsequent scratch and intracutaneous tests before this course nero entirclj negative Patient 
09 has been tested for three rears and has never been found sensitive In patient 14 all three 
reactions were obtained bv the scratch test Patient 07 is suffering from eczema onlj , the 
clinical history in this case definitely indicates that pollen is the etiologic factor 
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of the theoiy that injection of pollens to which a patient is skin negatne 
will induce skin h} persensitiveness 

In table 2 the pieMons reaction is indicated for each pollen men- 
tioned These sixteen cases fuinish ample evidence that it is possible 
to deciease the skin reactivity as a lesult of specific treatment, and that 
after a negatne leaction has been produced, subsequent injections of 
that pollen will in the vast majoiity of instances maintain the condition 
of “skin desensitization” lathei than cause a return to the prewous 
sensitne state 

CONCLUSIONS 

1 Acquired skin sensitization to foods and hoise serum seems to 
be an established fact Pi oof that this is an example of the production 

T \BLE 2 — Shut Reactions to Pollens 


Previous Skm Reactions 

Treat- Number 


Pa- 

tient 

No 

Sex Age 

Diagnoses 

ment Treat 
TTith ments 
Pol Pollen This 
len Indicated Course 

Be- 

fore 

Treat 

ment 

2 WeeXs 
After 
Treat- 
ment 

4 Weeks 
After 
Treat- 
ment 

other 

Sensi- 

tiza- 

tions 

Pre 

VlOllS 

Re&L 

tion 

28 


38 

HF E 


21 

15 



2 



WXT 

4 plus 

17 

F 

24 

A HF 

C 

35 

15 

— 

3 

— 

WXT 

4 plus 

40 

M 

36 

HF 

C 

15 

16 

— 

— 

— 

V wx 

4 plus 

42 

F 

39 

A HF 

C 

23 

15 

— 

— 

— 

V wx 

3 plus 

43 

N 

48 

HF 

C 

46 

15 


4 

3 

wx 

4 plus 

55 

F 

27 

HF 

D 

15 

17 


9 


V WT 

(tmee) 
4 plus 

10 

F 

41 

HF E U 

F 

16 

15 

— 

i — 

9 

WT 

4 plus 

38 

F 

39 

HP 

FI 

^one 

15 

__ 

2 

4 

W 

4 plus 

20 

F 

33 

A HF 

F2 

None 

15 

— 

— 

9 

VWXT 

4 plus 

12 

31 

53 

A HF 

LI 

16 

22 



4 

9 

WX 

4 plus 

60* 

F 

30 

HF r 

L2 

^one 

20 


3 

9 

VWXT 

(twice) 
4 plu= 

25 

F 

50 

A HF 


16 

15 

— 



? 

WX 

4 plus 

76 

31 

31 

HP 

N 

13 

10 

— 

— 

— 

W 

4 plus 

24 

31 

62 

HF 

P 

10 

15 

— 

— 

— 

W 

4 plus 

57 

31 

29 

HF 

C 

53 

16 

O 

9 

3 

VWXT 

4 plus 

25 

P 

56 

A HF 

H 

None 

15 

2 

. — 

9 

WX 

4 plus 

25 

F 

56 

A HF 

P 

10 

15 

2 

— 

9 

WX 

3 plus 

55 

F 

27 

HF 

P 

33 

17 

2 

? 

4 

VWT 

4 plus 


“ Patient GO u is prerious ]3 strong!}' positne b\ scratch test 


of constitutional allergy is entiiely lacking and is susceptible to othei 
explanations 

2 The injection of the amount of pollen commonly used for tieat- 
ment is “antigenic” to the extent that it will deciease skin hyper- 
sensitivity, but it fails to induce positive skin leactions in allergic 
patients who pi e\ lously ha-\ e given negative skin reactions to the pollen 
Some evidence is presented that seveial couises of such injections like- 
wise fail to induce skin sensitivit> 

3 It is suggested that natuial exposuie — inhalation of pollens — or 
injection of the same pollens or both aie not the only factois necessary 
to induce skin hypersensitn ity in an alleigic peison 



EXOPHTHAOIIC GOITER AND THE INVOLUNTARY 

NERVOUS SYSTEM 

XVI THE INFLUENCE OF SUBTOTAL TIIYROIDECTO JIV WITH AND 
WITHOUT COMPOUND SOLUTION OF IODINE ON TFIE 
COURSE OF THE DISEASE 

LEO KESSEL, M D 

AND 

HAROLD THOMAS HYMAN, ^ID 

NEW YORK 

In Januaiy, 1921, we instituted a study of fifty unselected cases of 
fully developed exophthalmic goitei ^ No specific theiapeutic measuies 
were employed in older to determine the natuial histoiy (spontaneous 
course) of the disease,- and to establish an index foi the evaluation of 
theiapeutic procedures^ Fiom the gioup uere excluded (a) patients 
who had thyroid enlaigement without othei manifestations of exoph- 
thalmic goitei ^ and (b) those who, with or without thyioid enlarge- 
ment, presented sympathomimetic symptoms, without significant eleva- 
tion of the basal metabolism (autonomic imbalance) ^ In the group 
studied, we included (1) patients with a significant elevation of metabo- 
lism on repeated leadings, (2) patients whose illness was sufficient!} 
severe to warrant lesidence in a hospital in which beds are at a gieat 

From the Medical and Surgical Services of the Mount Sinai Hospital 

1 Kessel, Lieb and Hjnian Studies of Graves’ Syndrome and the Involun- 
tary Nervous System, General Introduction, Am J M Sc no 3, 165 384 
(March) 1923 

2 Kessel, Hyman and Lande Studies of Exophthalmic Goiter and the Invol- 
untary Nervous System III A Study of Fifty Consecutive Cases of Exophthal- 
mic Goiter, Arch Int Med 31 433 (March) 1923 

3 Hyman and Kessel Studies of Exophthalmic Goiter and the Involuntary 
Nervous System X The Course of the Subjective and Objective Manifestations 
in Fifty Unselected Patients Observed Over a Period of Two Years, in Whom 
no Specific Therapeutic Measures Were Instituted (“Spontaneous Course”), 
Arch Surg 8 149 (Jan ) 1924, Studies of Exophthalmic Goiter and the Involun- 
tary Nervous System XIII The Course of the Subjective and Objective Mani- 
festations of Exophthalmic Goiter in Fifty Unselected Patients Observations 
for Five Years Without Institution of “Specific” Therapeutic Measures (“Spon- 
taneous Course”), Arch Int Med 40 314 (Sept ) 1927 

4 Kessell and Hyman Studies of Graves’ Syndrome and the Involuntarv 
Nervous System I Thyroid Enlargement m Individuals without Sympa- 
thomimetic Manifestations, Am J M Sc no 3, 165 387 (March) 1923 

S Kessel and Hyman Studies of Graves’ Syndrome and the Involuntary 
Nervous System II The Clinical Manifestations of Disturbances of the Invol- 
untary Nervous System (Autonomic Imbalance), Am J Med Sc no 4, 165 
513 (April) 1923, Studies of Exophthalmic Goiter and the Involuntary Nervous 
System XV The Diagnosis of Exophthalmic Goiter, J A M A 88 19, 1478 
(May 7) 1927 



624 


ARCHIVES OF INTERNAL MEDICINE 


premium, and (3) patients fiom the poorest sections of the cit}', who 
were subjected to constant economic stiain 

The piesent study is foi the purpose of evaluating the efficacy of 
subtotal thyi oidectomy Since January, 1923, all patients have been 
advised to undergo operative treatment The obseivations in the 
“thyroidectomy” series have been made in a manner identical with those 
in the “spontaneous” series We had hoped to secuie fifty consecutive 
patients, in oidei to eliminate the factor of peisonal choice of mateiial 
For leasons beyond our control, this was not possible 

The piesent leport brings our recoids up to Febiuary, 1927, the 
earliest case having been under observation foi four years, and the 
most lecent foi nine months, the average time of obseivation approxi- 
mating twenty-four months 

MATERIAL STUDIED 

One bundled and twenty-nine patients were obseived Of these, 
only 60 (47 pei cent) underwent an operation Of the 69 (53 per cent) 
who were not operated on, 15 died , 17 weie rejected as despeiate surgical 
iisks, 28 did so well under the prehminaiy ante-operative medical 
obseivation that they lefused suigical intervention, 3 left us and were 
operated on at other clinics , and the data on others are omitted, either 
because the patients refused to coopeiate, oi because then lecords are 
legarded as incomplete 

NONOPERATIVE GROUP 

Fatahhes — Foui of the fifteen patients (gioup II, cases 2 and 19, 
group III, cases 6 and 20 j who died without operative intervention, weie 
dying of an acute thyrotoxicosis when they entered the hospital , anothei 
(group III, case 40) was observed foi seven Aveeks, the predominating 
featuie being a profound jaundice and cholemia resulting from a cirrhosis 
of the liver secondary to exophthalmic goiter, one (group III, case 70) 
died in a diabetic acidosis, piecipitated or at least acceleiated b) a 
thyrotoxicosis, one (group II, case 18), of a carcinoma of the stomach, 
one (group II, case 28), of an intercurrent leukemia and one (group II, 
case 68), of metastases from a thyroid adenocarcinoma In two otbei 
patients in the fatal gioup (group III, cases 48 and 72), opeiation was 
contraindicated by an intei current condition, in the one by a tuberculous 
kidney and in the other by an apical tubeiculosis, a psychosis and a 
persistent thymus Both of these patients died after six weeks in the 
hospital, during which time both weie thyrotoxic and had marked cardiac 
insufficiency secondary to exophthalmic goiter Foui othei patients, 
(group II, cases 27, 38 and 51 and group III, case 25) weie not seen 
until the circulatory failuie (due to exophthalmic goiter) was so fai 
advanced that the circulation could not be sufficiently lestoied to Avar- 
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lant smgical inteivention All of these patients weie over 50 years of 
age and all had fibiillation of the amides, one of the men (gioup II, 
case 51) was, in addition, an alcoholic, and died suddenly as the result of 
a pulmonary infaict, anothei (gioup III, case 25) was a man, aged 50, 
nhose basal metabolic rate fell from pins 33 per cent to 0 on his first 
admission to our hospital Because of his excellent lecovei}', we did not 
stiongly urge operative intervention Shortly after his letuin home, 
he became woise and went to Bellevue Hospital, where tlnee opeiations 
were peifoimed on his thyioid gland He leturned to us, but Avith such 
seveie decompensation that further operative inter\ention was contiaindi- 
cated, and death followed shortly 

Spontaneous Renusswns — Twent 3 '--eight patients did so ^^ell that 
they lefused opeiation These patients have been carefully followed 
and we have complete records of eighteen Fouiteen, oi 50 pei cent 
have done splendidly They still have a few minoi symptoms, but they 
aie economical!}'' lestored, with a basal metabolic late within normal 
limits Thiee still have sufficiently persistent lesidual symptoms to mtei- 
feie \Mth their usefulness at times One patient has done badly, he 
has been advised to return foi opeiation In this gioup weie seveial 
who, although they were seveiely ill, made brilliant piogiess For 
example, a giil (group II, case 16), aged 24, had a basal metabolic late 
of plus 62 per cent which fell to plus 14 pei cent, in group II, case 31, 
a gill, aged 21, had a basal metabolic late which fell fiom plus 65 to 
plus IS pel cent, she did coi i espondmgl} well Another patient (gioup 
II, case 4), has given birth to twins, and has stood the test of piegnanc} 
splendidly, m group II, case 64 was a man with a heait block, and a 
substeinal th}ioid His basal metabolic rate fell fiom plus 28 to plus 
13 pel cent, he lesumed his woik, and foi ovei two yeais has been 
without ciiculatoiy SMuptoms or the manifestations of exophthalmic 
goitei 

Opeiatwns Elsezvhcic — Thiee patients weie opeiated on outside of 
oiu institution (group II, cases 1 and 48, and gioup III, case 68) , of 
these patients, one (group II, case 1) did pooily When last seen, 
patient 68 (group III) was economically lestoied and symptom-fiee 
In group II, patient 48 is somewhat improved, but at his last visit he 
was not economically lestored oi symptom-free 

Miscellaneous — Six othei patients eithei weie lost oi then lecoids 
weie incomplete 

Opeiation Contraindicated — Seventeen patients either weie lefused 
opeiation oi weie told to letuin for operation at a later date Of this 
gioup, thiiteen weie not operated on because they had an intercmient 
clinical condition which lequired attention before the exophthalmic 
goiter Thus, m gioup II, patient 40 had syphilis and was sent for 
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tieatment, but later died as a lesult of that condition, in gioup II, 
patient 50 had a mild exophthalmic goitei and an active cholecystitis , 
in gioup II, patient 67 had a puiulent ethmoiditis with optic atioph) 
and in group III, patient 28 had a chronic deforming arthritis with 
achylia, a glossitis and maiked malnutrition, myocaiditis and a hydro- 
thorax Operative inteivention was out of the question, paiticularly in 
view of the fact that the exophthalmic goitei was but a small pait of the 
clinical picture, in group III, patient 30 had multiple infections, paro- 
nychia, cystitis and p} onephi osis, and his lesistance was so low that it 
was deemed inadvisable to attempt surgical measuies, in group III, 
patient 33 had active tuberculosis, and was sent away foi tieatment He 
had mild manifestations of exophthalmic goitei, despite a low^-giade 
tempeiature, his highest basal metabolic rate being but plus 15 per cent 
In group III, patient 43 w^as a t^oung w’-oman who was pregnant Hei 
basal metabolic rate fell from plus 38 to plus 20 pei cent and it was 
decided to let hei go through with the pregnancy fiist Aftei the biith 
of the child, her late fell to plus 7 per cent, and she was so W’^ell that it 
seemed meddlesome to interfeie with hei course In gioup III, patient 
50 had a high giade arteiioscleiosis with malnutiition, and faiily marked 
manifestations of exophthalmic goitei, the basal metabolic late w^aveiing 
between plus 51 and plus 37 per cent The risk seemed much too gieat 
to warrant operation In group III, patient 57 w as a woman with mild 
exophthalmic goitei, wdio had had a nephrectomy and an oophoiectomy, 
and who in addition had cystitis and cholelithiasis In group III, patient 
58 was a man, aged 50, with a marked diabetes mellitus and auiiculai 
fibrillation His basal metabolic rate was plus 54 per cent By the time 
that his circulation was established and his diabetes conti oiled, he felt 
well enough to lefuse operation, and he made splendid progiess there- 
after His last basal metabolic late was plus 8 pei cent In gioup III, 
patient 59 was a woman, aged 59, with geneialized arteriosclerosis 
anginal attacks and pulmonaiy infarctions In gioup III, patient 76 
was a woman, aged 52, wdio had had bronchopneumonia, and wdio was 
advised to convalesce in the countiy Anothei of this group (group II, 
case 62) had had a subtotal thyioidectomy thiee }ears pieviously, and 
presented a hyperplasia of the lemnant She had badly diseased tonsils 
the thyroidectomy was defeiied, and tonsillectomy was pei formed 
Followung this, hei basal metabolic late fell fiom plus 28 to plus 13 
per cent, and we ha\e not seen her since In gioup HI, patient 21 
presented one of the most unusual pictuies that we have ever seen He 
was 111 a typical state of thii otoxicosis with hypei pyi exia, and was 
1 ejected as a suigical iisk As iie haie leported elsewhere, ° thyroxin 

6 Kessel and Hjnian Exophthalmic Goiter and the Iinoluntary Nervous 
System XI Causes of Death with Especial Reference to Pathogenesis and 
Treatment by Thyroxin of “Acute Crises,” JAMA 84 1720 (June 6) 1925 
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was gnen to him inti aA enously, and he made a complete recovei}!' He 
IS ^o^’v health} and dines his tiiick, though auiicular fibi illation peisists 
The two lemaming patients (gioup II, case 26 and gioup III, case 45) 
weie oidered to the countiy fot a lest befoie opeiation, and these 
patients failed to letiiin 

OPERAXn E GROUP 

Sixty patients weie submitted to subtotal th} i oidectom} The 
majonty of these patients weie opeiated on by Di A V Moschcowitz 
So fai as possible, all opeiatne mteivention on patients uith exophthal- 
mic goitei should be deferied dm mg the heat of the sunimei months 
Occasional!}' it was thought wise, howe\ei, to waive this objection, and 
m those few instances the opeiations were peifoimed by Di A O 
Wilensky The fiist thirty-one did not leceive compound solution of 
iodine (Lugol’s solution) piebminaiy to opeiation, the lemainmg 
twenty-nine weie piepaied with this solution A compaiison of the twm 
gioups may peimit a ciitical anahsis of subtotal thyi oidectom} alone, 
and of the influence of iodides on the opeiative pioceduie 

Vital Statistics — Tlieie weie thnt} -eight women and twenty-two 
men in this senes, the latio appioximating twm women to one man The 
a^elage age of the patients was 35 }eais Tw^enty-eight of the patients, 
01 almost half, w^eie o^er the age of 35 at the time of opeiation 

Immediate Posfopci aifvc MoifaUfy — Seven patients died immedi- 
ately followung opeiation, giving an opeiative moitahty of 11 per cent 
Of these, thiee weie fiom the gioup of thirty-one w^ho did not leceive 
the iodine solution, and foui weie in the group of tw'enty-iime wflio weie 
piepaied with this solution A summaiy of these fatalities follow 
In gioup II, patient 21 was a woman, aged 35 years, with mild 
manifestations of exophthalmic goitei Hei pieopeiative basal metabolic 
lates w^eie plus 31 and plus 30 pei cent, hei exophthalmos measuied 
21/19, and hei w^eight was 102 pounds (46 3 Kg ) She was considered 
a good suigical iisk The opeiation lasted fifty-one minutes, and the 
patient w^as letuined fiom the opeiating looni in excellent condition 
Shoitly theieaftei she developed a th} lotoxicosis wuth hypeipyiexia 
to 107 F , and died The excised gland show ed a colloid struma with 
areas of pai ench} matous hypeiplasia 

In gioup II, patient 46 was a woman, aged 50 who had manifesta- 
tions of only a model ately seveie exophthalmic goitei Hei ante- 
opeiatiie lates weie plus 33 and plus 28 pei cent, the exophthalmometei 
leading, 15/17, and she weighed 100 pounds (45 4 Kg ) She was also 
consideied an excellent opeiative iisk The opeiation was peifoimed 
undei geneial anesthesia and required foit}-five minutes She had a 
thyrotoxic reaction with h}perp}iexia, and died within a few days 
The tissue lepoit w^as adenomatous goiter of the colloid type 
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In gioup II, patient 54 was a man who Avas seAeiely ill He was 
37 yeais of age For five months he was caiefully piepaied on the 
medical side, his basal metabolic late falling from plus 47 to plus 30 
pel cent He was exceedingly restless and nei\ous, unstable and much 
Avoiried concerning the outcome of the operation because of his lespon- 
sibihty to his family of small childien He was regarded as a poor 
operative iisk The opeiation was peifoimed under geneial anesthesia 
and lasted sixty-one minutes He had a severe febiile leaction, and died 
three days after the opeiation , the excised tissue showed a colloid struma 
with some areas of hypeiplasia 

None of these three patients was piepaied with compound solution 
of iodine Of the four fatalities that occurred in patients who were 
piepared with this solution, m group III, patient 32 was a man, aged 53, 
who had been in the hospital twice befoie his last admission On his 
second admission his basal metabolic rate had fallen fiom plus 30 to 
plus 16 per cent, and he had lested in the country before leturning foi 
operation At his last admission, his basal metabolic late was plus 63 
pel cent He was prepared with the iodine solution for eleven days 
The operation required twenty-seven minutes He had an immediate 
leaction, the temperature using to 105 6 F, and death occuiied the 
next day The excised gland showed a colloid struma 

Patient 34, group HI, was a girl aged 25, who was opeiated on 
the same day as hei sister (gioup HI, patient 35), who survived and 
has made an excellent recovery The two sisteis were studied in the 
hospital for several months, during which time they did not do pai- 
ticulaily well, and it was thought best to send them to the countiy for 
the summei On hei return, patient 34 (gioup HI) has a basal meta- 
bolic rate of plus 43 per cent She was piepared with compound solution 
of iodine The operation lasted fifty-two minutes She had an imme- 
diate febrile leaction to 106 F , and died the next day, the gland showing 
a colloid goiter with a few small areas of hyperplasia 

In group HI, patient 51 was a woman, aged 36, whose basal metabolic 
late fell fiom plus 65 to plus 43 per cent under the influence of lest and 
compound solution of iodine The operation requiied fort 3 '’-one min- 
utes The next day the patient had a temperatuie of 106 F, and she 
died Section showed colloid struma with some small aieas of 
hyperplasia 

The fourth patient who died (group HI, case 67) vas a voman, 
aged 49, whose basal metabolic rate fell from plus 42 to plus 18 per cent 
She was legarded as an excellent iisk, but following the operation her 
tempeiature rose to 105 F, and she died two days latei, the tissue 
showing colloid goitei 

Three of the seven patients were regarded as good opeiative iisks 
The other four were recognized as poor risks, and three of them iveie 
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piepared over a long peiiocl of lime The report on the tissue in all 
seven of the patients was that it showed colloid struma, and m only one 
was the gland adenomatous 

Total Aiortahiy — Of the hundred and twenty-nine patients who 
foimed the basis foi this study, fifteen, or 12 per cent died befoic 
operation could be attempted Seven, oi 11 per cent, of the operative 
cases and 5 pei cent of the total numbei of jiatients, died immediately 
following opeiation Two other patients have died after then discharge 
flora the hospital, one a syphilitic patient who was not operated on, and 
the othei a man who had been opeiated on, we have been unable to 
leain the cause of the death of the lattei Twenty-four deaths from all 
causes have occurred in this group, oi a gioss moitality of 19 pci cent 

Postoperative Reactions — Practically all of the opeiations weie per- 
foimed undei general anesthesia, gas, oxygen and fiequently undei 
ether In the group of patients who did not leceive compound solution 
of iodine, the average time in the operating room was forty-nine min- 
utes, and for the gioup that leceived the iodine solution, foity-one 
minutes Postoperative leactions were expeiienced in twenty-eight of 
the thnty-one patients who did not leceive the iodine solution, and 
in twenty-five of the twenty-nine patients who were prepaied with the 
solution The aveiage duiation of the febiile reaction in the hist gioup 
was hve days and in the second group, six days Again, in the hrsl 
group, foul teen patients (45 per cent) had a fastigium of 103 F oi 
more, and in the second group, fouiteen, or 49 per cent, had a tempeia- 
ture of over 103 F at one time or another The longest postopeiative 
febrile leaction was ten days Ten patients (16 per cent), hve in each 
gioup, sufiered from paiesis of the vocal cord, but of these, the condition 
was permanent in only thiee 

Late Effects of Operation — Subjective Symptoms' The vast 
raajoiity of the patients expeiienced an immediate and striking lelief 
fiom then subjective symptoms On dischaige, twenty patients (33 per 
cent) declaied themselves to be symptom-free, and remained so foi the 
hrst two years of observation Asthenia, tremoi, sweating and exoph- 
thalmos were the most marked of the persistent symptoms among those 
patients who were not socially or economically incapacitated The group, 
including eighteen patients, or 30 pei cent, have mild residual symptoms, 
insufficient to interfere with their livelihood At one time or another, 
hfteen patients, or 25 per cent, had a marked exacerbation of symptoms 
sufficient to incapacitate them 

In about two thirds of the group, however, the subjects e symptoms 
weie strikingly and immediately alleviated following opeiation, most 
of these symptoms remained in abeyance duiing the two year peiiod of 
observation m the follow-up clinic 
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Exophthalmos The couise of the exophthalmos was followed by 
fiequent leadings with the exophthalmometei The aveiage readings 
on admission weie bet^^een 20 and 21 mm The leadings at the last 
obseivation m the follow-up clinic differed only within the limit of erroi 
of the measurement, and aveiaged 20 6 mm Only four patients had a 
peiceptible deciease m the degiee of exophthalmos, and eleven had a 
peiceptible mciease Of these eleien shoving an inciease m the read- 
ings, SIX had not leceived iodides, and five had been piepared for the 
opeiation with compound solution of iodine as shown m the accompany- 
ing table 



The effect of rest, iodides and subtotal thyroidectom\ on the course of exoph- 
thalmic goiter The figures to the left indicate the percentage of basal metabolic 
rate and w eight gained The dotted line indicated by X — X-f shows the time 
spent at rest in the hospital by patients who did not receive iodide, the dash 
and dot line indicated bj^ Xf — AH shows the patients who did not receive iodide 
on whom subtotal th} roidectomy was performed, the continuous line indicated 
by ah — AHI shows the follow'-up observations on patients w'ho did not recene 
iodide , the dotted line indicated by O — 01 show s the time spent at rest in the 
hospital by patients who received iodide, the dash line indicated by 01 — OH 
show's iodide plus the time spent at rest in the hospital by patients who received 
iodide, the dash and dot line indicated by OH — OHI shows patients who received 
iodide on w'hom subtotal thyroidectomj' w'as performed , the continuous line indi- 
cated b}' OHI — OIV shows the follow-up observations on patients who received 
iodide , the dash line indicated by X — X show’s percentage of w’eight gained bj 
patients who did not receive iodide, and the dash line indicated by O — O show's 
per cent in w eight gained b\ patients w'ho received iodide 

Weight The aveiage weight on admission was 130 pounds (59 
Kg ) An aveiage of 14 pounds (64 Kg ), oi 11 per cent, was gained 
in the first tear In the second year theie was an aveiage gam of 7 
pounds (3 2 Kg ) There was an average loss of Ij'^ pounds (0 7 Kg 1 
among the patients who were under obseivation in the third yeai The 
greatest gam in the fiist yeai took place in those patients who were not 
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piepaied with the iodine solution These patients averaged a gain of 
20 pounds (9 Kg ) , oi 14 pei cent, whereas the others gained 8 pounds 
(3 6 Kg ), or 7 per cent In the second 3^ear, hov ever, the aveiage gain 
in weight by those vho were given compound solution of iodine was 10 
pounds (4 5 Kg ), or 8 pei cent, and only 3 pounds (14 Kg ) foi the 
others, as shovn in the accompanying chart 

Pulse Rate We hare commented on the difficulty of obtaining a 
basal pulse rate in patients with exophthalmic goitei Pulse lability is 
universally present befoie operation, and persists to a lesser degree 
after operation The difficulty of obtaining a basal pulse rate is gieat 
and we do not regaid oui obsei rations as sufficiently accurate to rrariant 
publication Theie is, horrerei, no doubt that the pulse rate has fallen, 
but a lability and a certain amount of tachycardia pei sist 

Cardiac Iiiegulaiities In the opeiatire gioup, cardiac irregularities 
aie extremely common in the first few days follorving opeiation Extia- 
systoles, paroxysms of fibi illation and tachycardias of ovei 200 aie often 
seen dunng the course of the postopei atir e reaction Trvo patients 
(group II, case 39, and gioup III, case 53) developed paioxysms of 
auiicular fibrillation and later permanent fibrillation dining their con- 
ralescence Trvo patients (gioup II, case 10, and gioup III, case 54), 
rvho were fibrillar before operation, continued to be so, but their cardiac 
reserve seemed greatly increased 

Basal Metabolic Rate Because of the influence of the iodides on 
the basal metabolic rate, these observations rvill be separated into 
trvo categories, the fiist dealing rvith the thiity-one patients rvho 
rveie not prepared rvith compound solution of iodine, and the second, 
rr ith the twenty-nine rvho i eceir ed this solution as shorvn in the accom- 
panying table 

In the patients rvho rveie not giren iodine solution, the areiage 
metabolic rate at the time of admission to the hospital rvas plus 39 pei 
cent At the end of a sta) areiagmg forty-thiee days, the rate had 
fallen to plus 32 per cent, this prolonged period in the hospital before 
operation rvas due to a persistently high rate in trvo patients (group II, 
cases 11 and 54) If these trvo are omitted the aveiage peiiod is 
reduced to trventr -thi ee da}S The first postoperative metabolic rate 
rvas plus 6 per cent, lecoided on the areiage thiiteen da}s aftei sub- 
total thyroidectomy After an areiage of thiity months’ obseivation in 
the follow-up clinic, the last lecoided late in twenty -seren of the trrenty- 
eight survivors rvas plus 7 pei cent 

In addition to the last recorded rate, rre have a hundred interral rate 
on these patients rvhicli also aveiaged plus 7 per cent demonstrating 
clearly that thei e rvas no tendency to unusual or prolonged exacerbation 
Trvo of the patients had a late below noimal (group II, case 45, minus 
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Suinmaty of the Exoplithahnovieter Readings^ 

Cnse I I, A Ali AO PO If Period 


No 

Se\ 

Age 

E 

E 

B SI 

B SI 

BSI 

BSI 

B SI 

Slonth 

s Section 

II 

5 

M 

45 

20/20 

22/22 

47 


47 

27 

6 

46 

Hyperplasia 

6 

M 

35 

21/21 

22/20 

34 


27 

8 

15 

46 

Hyperplasia 

7 

P 

35 

16/16 

16/16 

37 


37 

7 

16 

45 

Adenoma 

8 

P 

28 

23/21 


23 


27 

3 

4 

21 

Hyperplasia 

10 

SI 

50 

19/19 

18/18 

29 


30 

10 

9 

26 

Adenoma 

11 

P 

36 

21/21 

20/20 

56 


22 

0 

23 

46 

Colhd 

13 

P 

23 

21/22 

20/20 

32 


33 

0 



Adenoma 

14 

P 

23 

22/23 

22/22 

30 



0 

0 

42 


21 

P 

35 

21/19 


31 


30 



Ceased Colloid and Hyperplasia 

23 

M 

29 

32/32 

28/28 

22 


28 

8 

0 

7 weeks Adenoma 

25 

P 

44 

25/25 

23/23 

44 


34 

—4 

0 

42 

Hyperplasia 

29 

M 

21 


22/22 

30 


32 

—6 

8 

39 


30 

P 

46 

17/18 

22/22 

54 


37 

10 

9 

39 

Hyperplasia 

32 

SI 

22 

21/21 


50 


35 

0 

6 

39 

Colloid 

37 

P 

31 

18/20 

19/20 

58 


43 

19 

12 

17 

Colloid and Adenoma 

39 

P 

30 

18/18 

22/22 

42 


30 

16 

2a 

36 

Adenoma 

41 

P 

25 

19/19 

20/20 

35 


16 

6 

12 

16 

Adenoma and Colloid 

43 

P 

47 

23/23 

26/24 

18 


22 

22 

5 

35 

Hyperplasia and Adenoma 












Carcinoma 

44 

P 

37 

16/16 

17/17 

57 



17 

4 

34 

Adenoma 

45 

P 

30 

18/17 

19/19 

31 


28 

U 

0 

33 


46 

P 

50 

15/17 


33 


28 



Ceased Adenoma 

47 

P 

47 

22/22 

23/23 

26 


25 

0 

18 

33 

Adenoma 

49 

SI 

43 

19/19 


50 


43 

4 

—6 

11 

Adenoma 

54 

SI 

37 

24/24 


47 


30 



Ceased Colloid 

55 

p 

32 

25/25 

25/25 

IS 



0 

28 

29 

Colloid and Adenoma 

57 

si 

41 


22/22 

42 




0 

6 

Adenoma 

63 

p 

21 

14/15 


32 


37 

—14 



Adenoma 

59 

F 

25 

21/21 

25/23 

—9 


—4 

9 

9 

24 

Carcinoma 

III 












56 

P 

25 

16/16 

16/16 

45 


38 

0 

4 

10 

Colloid 

64 

SI 

20 

21/21 

21/21 

31 


30 

8 

0 

13 

Colloid and Hyperplasia 

65 

SI 

57 



21 



40 

0 

9 

Colloid 

1 

p 

16 

23/24 


IS 

17 

20 

— 5 



Adenoma 

2 

F 

24 

25/25 

24/26 

32 

38 

24 

0 

9 

25 

Adenoma 

3 

SI 

58 

19/18 

19/19 

6> 

65 

32 

12 

30 

26 

Adenoma 

4 

SI 

30 

15/16 


40 

26 

6 

12 



Adenoma 

5 

P 

39 

15/14 


30 

30 

6 

—4 

8 

23 

Adenoma 

12 

F 

22 

17/17 


33 

IS 

13 

5 



Colloid and Adenoma 

13 

F 

20 

22/20 

22/22 

12 

14 

10 

—4 

14 

21 

Colloid 

14 

P 

48 



14 

15 

10 

—10 

—5 

24 

Hyperplasia 

19 

SI 

25 

17/14 


52 


56 

25 



Colloid 

22 

F 

37 

17/17 

21/21 

56 

56 

45 


32 

22 

Colloid 

23 

P 

26 

18/18 


12 

25 

0 

10 



Hyperplasia 

32 

SI 

53 

17/17 


63 





Ceased 

1 Colloid 

34 

F 

25 

26/26 


43 


48 



Ceased Colloid 

35 

P 

18 

21/21 

17/17 

50 


40 

37 

0 

9 

Colloid 

41 

P 

48 

16/16 

17/17 

50 


30 

11 

0 

17 

Colloid and Adenoma 

42 

F 

33 

17/17 

21/21 

34 


40 

9 

12 

17 

Colloid and Adenoma 

46 

SI 

47 

20/20 

25/25 

37 


46 

13 

9 

14 

Colloid 

38 

F 

38 

18/18 


58 


30 

8 



ColloidandHj perplasia 

47 

F 

20 



74 
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♦ E indicates first reading, P last reading B M , on admission, B M before com 

AO PO 

pound solution of iodine B M , after Bugol’s solution and before operation, B M , 

X/ 

after operation and B M , last observation The span is the total observation from the 
time of admission and usualh corresponds with the ditc of the last bisil metabolic rate 
'the la^t column on the right shons the tissue report 
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16 per cent, and group II, case 63, minus 14 per cent) without clinical 
evidence of myxedema Four patients had a reading of higher than plus 
18 per cent at the last reading 

In the senes that were given iodine solution, the ai’^eiage late on 
admission was plus 47 per cent For an a^ erage of ten days the patients 
lested in bed, during which time there was a fall to plus 38 per cent 
Foi the next two weeks compound solution of iodine, 10 minims 
(0 6 cc ) three times a day, was administered, and there was a fall m the 
rate to an average of plus 29 per cent Following operation the average 
basal metabolic rate was plus 10 per cent, and the last rate, taken on an 
aveiage of sixteen months after admission, was also plus 10 per cent 
Three patients still have a rate higher than plus 18 per cent, the highest 
being plus 46 per cent in a woman who was having an exacerbation of 
s 3 'mptoms Six patients had minus readings, of whom only one 
(group III, case 14) presents the clinical picture of myxedema 

All of the basal metabolic rates weie estimated for us by Dr Herman 
Lande and Miss A K Steiner Without then assistance, we should 
not have been able to compile so completely these figures, which we 
regal d as the most important of our objective observations 

Social and Economic Restitution The period of hospitalization 
aveiaged six and a half weeks, and the period of economic incapaci- 
tation approximated from three to four months Following this 
time, with the exceptions to be noted below, social and economic lesti- 
tution occuried This, as we have previously noted, is the most impor- 
tant desideiatum from the standpoint of the individual patient The 
patients wdio leceived compound solution of iodine were institutionalized 
foi exactly the same length of time as the others, and they were 
incapacitated for an almost identical period Of the fifty-three patients 
who suivned operation, thirty-eight (63 pei cent) have made a prac- 
tically complete recoveiy and have maintained then impiovement over a 
period a^eraglng two years Fifteen patients (25 per cent) have suf- 
fered at some time from their original symptoms to a sufficient degree 
to interfeie wnth their social and economic lestitution In the series of 
patients who were given iodine solution, one patient (group III, 
patient 3) still suffers from symptoms mostly attributable to a duodenal 
ulcer, one (group III, case 12) has had a peisistence of her sjnnptoms 
sufficient to cause incapacitation, one (group III, case 22) has cardiac 
insufficiency, and one (group III, case 41) has a psychosis In 
group III, patients 42, 49 and 55 have had partial and temporary inter- 
ference wuth their livelihood, due to exacerbation of s) mptoms In those 
patients wdio did not receive iodine solution, one (group II, case 5) had 
a persistent tremor that interfered wuth manual work, one (group II, 
case 10) had a persistence of the aunculai fibrillation wdiich prevented 
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him fiom woiking foi eight months, one (gioup II, case 11) had a 
persistence of s}mptoms and a ps}chic instabiht} that caused intermittent 
periods of incapacitation, one (group II, case 30), though theie %\as a 
peisistence of symptoms foi about a }eai, is now doing faiily well, and 
another (group II, case 39) had a complete lecunence, aftei two years 
of lelief, with hypeiplasia of the lemnant of the thyroid The patient 
was readmitted to the hospital, but lefused to submit to fuithei opeia- 
tion, and is economically incapacitated In gioup II, patient 45 had 
persistent symptoms foi about a 3^eai, and is now doing well, patient 55 
has had persistent and incapacitating symptoms for thiit} months, up 
to the piesent time Aftei foui }eais of convalescence, patient 6 
(group II) developed a tempoiai} exacei bation, vihich has now quieted 
down In gioup II, patient 23 died two years aftei opeiation 

In the patients who sunived the operation, the majoiity weie socially 
and economical!)'- lestored within five oi six months following admission 
to the hospital, and they have maintained this impiovement aftei then 
leturii to the weai and teai of metiopohtan life 

Histology Because of the effect of compound solution of iodine 
on the histology of the th) roid, we shall speak again of the two classifi- 
cations of patients, that is, those who leceived iodine solution, and those 
who did not 

Twelve of the patients who ueie not gnen iodine solution, had 
thyroid adenoma chai actei ized by vaiying degrees of hypeiplasia The 
age of these patients averaged 36 yeais, the basal metabolic late was 
plus 36 pel cent, and theie ^^e^e eight women and foui men in this 
subgroup Seven of the tuelve piesented cleai-cut exophthalmos, the 
leading being ovei 18/18 Except that the aveiage exophthalmometei 
leading was slightly less than that foi the remaindei of the gioup, all 
of the othei clinical featuies weie identical with those of the non- 
adenomatous group, and these figuies fuinish no leason foi believing 
that there is a clinical pathognomic picture of thyioid adenoma Nine 
patients presented difiuse hypeiplasia, and nine diftuse colloid goiters 
One patient presented the histologic picture of caicinoma, but she had 
none of the clinical featuies of malignancy and no evidence of lecurrence 
or metastases This serves again to emphasize the hazai d of making the 
diagnosis of malignancy fioni the histologic appeal ance of the thyioid 
gland Of the three patients who died, two had simple colloid goiters 
and one an adenomatous gland with colloid In none of the three fatal 
cases was the so-called chai actei istic hyperplasia the pi edommating 
histologic pictuie 

Eight of the patients ■who recenea iodine solution had adenomas of 
the colloid type The average age of these patients uas 34, the basal 
metabolic rate was plus 45 pei cent, and the exophthalmos measuied the 
same as that of those in the nonadenoniatous gioup In their i espouse 
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to iodine solution, four of the eight patients had a striking fall in the 
late, this was as satisfactory as the response in the nonadenomatous 
group Neither in their clinical appeal ance nor in their response to the 
iodides did the patients with adenoma differ from the whole group 
None of them suffered an exacerbation of symptoms on the exhibition of 
the iodides Seventeen patients had a simple colloid gland, and all four 
of the fatalities occuired in this group Despite the administration of 
iodine solution, four patients presented a gland in which there was char- 
acteiistic hyperplasia, and these patients did at least as well as the 
average 

A recapitulation of these obseivations indicates that in twenty of the 
sixty opeiative cases the patients had adenomas, and that these patients 
did not differ from those in the nonadenomatous group either clinically 
or in their lesponse to the iodides Of the seven patients who died, one 
had an adenoma and six had a simple colloid goiter None of the 
patients died who presented the histologic picture of hyperplasia 

The Effect of Compound Solution of Iodine Following a period of 
ten days of hospitalization, compound solution of iodine in doses of 
10 minims (0 6 cc ), three times a day, was administered to the patient 
in the last twenty-nine reported operative cases In fourteen there was 
a perceptible and striking theiapeutic result Four of the eight patients 
with adenoma showed marked decreases in the metabolic rate, in one, 
the rate fell from plus 65 to plus 32 per cent , in another, fiom plus 26 to 
plus 6 per cent, in a third, from plus 30 to plus 6 per cent, and in a 
fourth fiom plus 70 to plus 38 per cent 

In the twenty-one patients who did not have adenomas, theie was a 
strikingly good result in ten Some of the changes were from plus 25 
to plus 6 per cent, from plus 74 to plus 26 per cent, from plus 65 to 
plus 43 per cent, fiom plus 90 to plus 37 per cent, from plus 55 to plus 
25 per cent, from plus 76 to plus 30 per cent, from plus 42 to plus 18 
per cent, from plus 42 to plus 14 per cent and from plus 57 to plus 5 per 
cent The remaining patients showed practically no effect from the 
administration of iodine solution Two patients had a slight exacerba- 
tion of symptoms while the solution was being admmisteied Neithei 
of these patients had adenoma Both stood the operation well, and 
they have done well since Whether the exacerbation was the result of 
the iodides or not, is debatable 

SUMMARY 

1 One hundred and twenty-nine patients have been studied in 
order to determine the effect of subtotal thyroidectomy on the course of 
exophthalmic goiter 

2 Sixty-nme patients weie not submitted to opeiation because of 
factors beyond oui control 
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3 Sixty patients had subtotal thyroidectomy, thirty-one of whom 
did not receive prelimmaiy preparation with iodide 

4 A comparison of the two groups affords an evaluation of the 
efficacy of the iodides 

5 The immediate postoperative mortality in the gioup was 11 per 
cent The total mortality in the entire group was 19 per cent The 
effect of the operation on the subjective and objective observations and 
on the soaal and economic restitution of the patients is discussed 

6 The relationship between the histologic appeal ance of the gland 
and the clinical observations and the effect of the iodides is discussed 

7 The purpose of this paper is to furnish the data by which a com- 
paiison can be made between the course of the disease when observed 
without the institution of specific therapeutic measures and when sub- 
total thyi oidectomy and iodides are used 

7 Hyman and Kessel Studies of Exophthalmic Goiter and the Involuntary 
Nervous System XVII The Management of Patients Suffering from Exoph- 
thalmic Goiter, to be published 
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In a previous communication/ it was shown that the relative hydra- 
tion of the oiganism had a profound effect on the sugar metabolism 
If one-half unit of insulin per kilogram of body weight was injected 
into dogs in vaiying degrees of dehydration, the hypoglycemic effect 
was not only intensified, but it was also materially prolonged This 
paper consists of furthei studies on the subject 

The experiments weie lepeated on diabetic dogs We used not 
only dogs with complete diabetes, but also a dog in which the diabetes 
was not complete, so that he was able to remain in fairly good health 
for several months without the use of insulin, except as it was required 
for the experiments The blood sugar estimations were made by the 
micro method of Folin-Wu - 

Chart 1 IS a control showing the normal curve of a diabetic animal 
The noontide hypoglycemia which has already been studied and 
leported ® in clinical cases of diabetes is clear Chart 2 shows the effect 
of the injection of one unit of insulin per kilogram of weight in the 
morning, if the dog is hydiated by the administration of large amounts 
of fluid The animal shown in this curve received (weight 6 Kg ) 
450 cc of 6 per cent sodium chloride solution subcutaneously and 80 
cc intravenously, and was made to drink 500 cc of water It is evident 
that if insulin has any effect in this case, it is slight The curve is 
essentially like that of the control without insulin In fact, the return 
to the hypoglycemic condition is slightly more rapid than in the dog 
who did not receive insulin In most diabetic animals there is a condi- 
tion of anhydremia due to the diureses, but in this case the dog chosen 
had a mild diabetes, was not very sick and not dehydrated 

The effect of dehydration on the insulin curve of a diabetic animal 
IS even more marked Chart 3 illustrates three such experiments In 

* From the Department of Surgery, University of Illinois College of Medicine 

1 Andrews, E Water Metabolism, IV, Arch Int Med 38 136 (July) 1926 

2 Byrd, B T Micro-Folm-Wu Method of Quantitative Blood Sugar 
Estimation, using One-tenth of One Centimeter of Blood, J Lab & Clin Med 11 
67 (Oct) 1925 

3 Jonas, L All Day Blood Sugar Curves, Arch Int Med 35 289 (March) 

1925 




Chart 1 — Control curve of a depancreatized dog (control) 



l^aoo 

Chart 2 — Curve '"of a depancreatized dog that weighed 6 Kg The animal 
was h 3 'drated bj' the administration of 450 cc of 0 6 per cent solution of sodium 
chloride, subcutaneously and 80 cc intravenously and 500 cc of water by mouth 
One unit of insulin per kilogram of body weight was given subcutaneously 



ANDRE WS-SCHLEGEL—WA TER MEl ABOLISM 


639 


each case the hypoglycemic effect of the administration of one unit of 
insulin per kilogram of body weight is tremendously exaggerated 
After the period when there is generally a sharp upward bend m the 
contiol curves, the fall m blood sugar continues steadily and rapidly 
and lasts until the late evening at least In cuive A it is striking to note 
the effect of a small drink of water m bringing about a rise m the blood 
sugar 



Chart 3 — Curve of dehydrated dogs given 1 unit of insulin per kilogram of 
body weight A represents the curve if a depancreatized dog that drank little 
water , B, the curve of a dog that did not drink water for eighteen hours before 
the experiment, the animal urinated during the eighteen hours, 225 cc at each 
time, C IS the curve of the third dog Note the rise of the curve after the 
dog drank a little water 

In a foimer paper by one of us (E A ), it was suggested that other 
factors than the insulin might be the cause of these phenomena, but the 
following experiment (chart 4) shows clearly that the explanation 
must be sought m the physiologic mechanism of the action of insulin 
and not in any other factois Attempts were made to modify the daily 
curve of the blood sugar by var)nng the hydiation of the tissues in 
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diabetic dogs Dogs that had complete diabetes weie used They were 
dehydrated by diuresis, and this dehydration was increased by depriva- 
tion of water for twenty-four hours Other dogs weie allowed to 
drink all the water they wanted, and in addition, were given large 
amounts of physiologic sodium chloride solution hypodermically The 
resultant curves were essentially the same It is clear, therefore, that 
variations in the sugar curves occur only after injections of insulin 
Normal animals also were tested, and variations were not found in 
the daily blood sugar curve (chart 5) These results show that the 
variations in the action of insulin are not due to any change in the 
production of insulin by the pancreas in the vaiying degrees of hydration 



Chart 4 — Curves of the depancreatized dogs that were not given insulin A 
represents the curve of the dog (control) that was not given food or water for 
twenty-four hours , B, the curve of the dog (control) that was hydrated by 
the administration of 70 cc of water by mouth and 430 cc of 0 6 per cent sodium 
chloride solution subcutaneously 


COMMENT 

The literature on conditions which influence the action of insulin is 
not large Cajon ^ and others leport a series of investigations in which 
by relatively slight changes in the blood supply of limbs of patients, the 

4 Cajon, F A , Crouter, C S, and Pemberton, R Effect of Circulation 
Changes on Carbohydrates Utilization, J Biol Chem 66 (Nov ) 1926 
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carbohydiate utilization was markedly affected Bartlett'^ investigated 
the average fall in blood sugar after the administration of 10 units of 
insulin to human beings In normal persons the average fall was 28 
points, in subjects who were emaciated and underweight it was 59 
points and in diabetic peisons, 70 points Kahn ° has made similar 
observations The results of these experiments closely parallel our 
observations In 1922, Joshn noted that patients weakened by diarrhea 
are subject to hypoglycemic reaction In a study of the treatment of 
marantic infants with insulin, Tisdall and others ® report that in such 
subjects the effect on the blood sugar was extremely variable, and often 
a fall in the blood sugar did not occur The important studies of Schiff 
and Choremis ® also are of inteiest in this connection They found that 



Chart 5 — Curves of normal dogs A represents the curve of a normal dog 
(control) that did not receive water for thirty-six hours nor food for eighteen 
hours, B, the curve of a dog (control) that was hydrated by the administration 
of 200 cc of 06 per cent sodium chloride solution subcutaneously, 80 cc intra- 
venously and 140 cc of water by the mouth 


5 Bartlett, W M Effect of Hypodermic Injection of Insulin on Fasting 
Blood Sugar of Normal and Diabetic Subjects in Relation to Percentage of 
Normal Weight, J Lab & Clin Med 12 115 (Nov) 1926 

6 Kahn, S H Reduction of Blood Sugar by Means of Insulin, Boston M 
& S J 191 161 (July 24) 1924 

7 Joslin, Gray, and Root J Metab Research, 2 161, 1922 

8 Tisdall, F C , Drake, T G, and Brown, A Carbohydrate Metabolism 
of the Marantic Infant, Am J Dis Child 30 829 (Dec ) 1925 

9 Schiff, E, and Choremis, C Insulin and Experimental Alkalosis, 
Deutschr Med Wchnschr 52 1732 (Oct 8,) 1926 
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the administration of sodium bicarbonate in doses large enough to 
produce a definite alkalosis caused a definite inhibition in the action of 
insulin They also showed^® that the hypoglycemia of fasting was 
pi evented by the administration of large amounts of fluid These 
phenomena are inteiesting in view of the enormous amount of recent 
literatuie on feveis in the new-born and on dehydration fevers in 
children, as hypoglycemia has been reported in both conditions The 
assumption by these authoi s that alkalosis is a f actoi in such conditions, 
however, does not rest on a firm basis and is contrary to the experience 
of most clinicians In fact, Collip has shown that hypoglycemia 
caused by insulin is accompanied by marked acidosis and even by 
ketonuria Roche and Roche report marked changes in the amount 
of glycolysis due to "variations of the py. of the blood, and conclude that 
the glycolytic enzj/me is sensitive to such changes, but MacLeod has 
made elaborate investigations which render it extremely improbable that 
insulin IS concerned in glycolysis 

The more recent work of Lawrence supports this view He has 
demonstrated that injection of standaid doses of insulin into diabetic 
patients causes different leactions according to the activity of the 
patient If he is actively exercising, the hypoglycemic effect will be far 
more maiked than if he is at rest Lawrence’s observation that the 
action of insulin is greatest m debilitated patients accoids with our 
obseivations and those of Bartlett'^ He thinks that it is greatest when 
the stores of glycogen in the liver are exhausted These facts can fit in 
only with the assumption that the action of insulin is that of building 
up, not of burning, carbohydrate If insulin is to be considered as a 
gl} cogen maker, as is now generally believed, the mobilization of sugai 
for consumption is seen to be the important factor in the regulation of 
the blood level Lawrence’s theory that theie is diiect antagonism of 
the secretions of the suprarenal and the thyroid glands to the action of 
insulin, however, cannot stand up so well against many of the data 
given in the literature 

10 Schiff, E , and Choremis, C Exsiccation and Carbohydrate Metabolism, 
Jahrb f Kinderh 114 42 (Sept) 1926 

11 Collip, J B Occurrence of Ketone Bodies in Urine of Normal Rabbits 
in a Condition of Hipoglycemia Following the Administration of Insulhn, J Biol 
Chem 55 38, 1923 

12 Roche, A , and Roche, J Pn Concentration and Glycolysis, Hospitalstid, 
69 985 (Oct 14) 1926, abstr JAMA 

13 Eadie, G S , AlacLeod, J J R , and Noble, E C Insulin and Glycolysis, 
Am J Physiol 65 462 (Aug ) 1923 Hepburn, J , Latchford, H K , McCormick, 
N S, and AlacLeod, J J R Sugar of Arterial and Venous Blood During 
Action of Insulin, Am J Physiol 69 555, 1924 

H Lawrence, R D Action of Insulin in Glycogen Formation, Quart J Med 
20 69 (Oct ) 1926 
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There are also grave doubts concerning the presence of the factoi 
of catabolism of sugar in muscles m diabetes Beattie and Milro} 
leport almost no difteience between the muscles of noimal and of 
diabetic patients in this lespect Lange’s woik also tends towaid this 
belief He was not able to detect maiked differences in the sugar 
metabolism of the muscles of noimal and of diabetic patients in the 
pioduction of lactacidogen Giifbth’s^" expeiiments showed that 
epinephiine also bad no effect on the lactic acid oi total acid product 
by muscle and piobably therefore on the utilization of carbobydiate 
It IS common knowledge that the action of insulin is pi evented by 
infections In the treatment of diabetes, the intervention of a boil, 
gangrene or a lespiratoiy infection will often cause the complete loss of 
carbohydrate tolerance rn spite of large doses of insulin Cardio- 
vascular disturbances also are known to give use to resistance to the 
action of insulin This was first called to our attention by Wilder 
The mechanism of this inhibition has nevei been iindei stood The 
suggestion b} Schiff and Choiemis that alkalosis is a factor cannot 
well be accepted, as it is well known that in many of these conditions 
acidosis IS the lule It also is the expeiience of most surgeons that 
there inaj'- be failure of the action of insulin in the absence of acidosis 
even comparable to that observed m patients with severe diabetes who 
react promptly to insulin Lawrence has said that toxemias will 
inhibit the hypoglycemic effect of insulin He used diphtheiia antitoxin 
111 his experiments We have been unable to confirm these results Chart 
6 shows the effect on the insulin curve of the injection of a number of 
toxic substances These include suppurative material of several kinds 
We purposely included the material from limbs rendered gangrenous by 
ligation of a vessel as a parallel to diabetic gangrene Bacillus coh and 
staphylococcus cultures also failed to inhibit the effect of insulin, except 
111 enormous doses such as give rise to severe anaphylactic shock In 
several cases we used toxins of various sorts of such over whelming 
nature as to cause death m from three to four hours, but inhibition 
of the insulin hypoglycemia could not be demonstrated 

15 Beattie, F, and Milroy, T H Role of Phosphates in Carbohydrate 
Metabolism, T Physiol 62 174 (Dec 10) 1927 

16 Lange, H Lactacidogen Metabolism in Diabetic Muscle, Arch f exper 
Path u Pharmakol 113 115 (Nov ) 1926 

17 Griffiths, F R The Metabolic Effect of Adrenalin on Frog’s Muscle, 
Am J Physiol 65 15 dune) 1923 

18 Wilder, R M Clinical Assaying of Insulin and the Insulin Requirement, 
Endocrinology 8 630 (Sept ) 1924 

19 Lawrence, R D Inhibition of Insulin Action by Toxemias, Bnt M 
J 11 983 (Nov 27) 1926 
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Chart 6 — The efltect of various toxic substances on the insulin curve of 
normal dogs , insulin \\ as given in all cases at O time J is a curve showing 
the effect of one-half unit of insulin per kilogram of body weight and 100 mg 
of B coh given intravenously at the point indicated by the asterisk The dog 
died 2 IS a cun'e showing the effect of one-half unit of insulin per kilogram 
of body weight and 1 cc of extract of necrotic skin, only proteins , 3, the effect 
of one-half unit of insulin per kilogram and 1 cc of whole extract of necrotic 
skin, 4j the effect of one-half unit of insulin per kilogram and 1 cc of whole 
extract of necrotic skin given intravenously, 5, the effect of one-half unit of 
msulin per kilogram and 05 Gm of cholesterin given intravenously, 6, the effect 
of one-half unit of insulin per kilogram and 0 5 cc of heavj’’ culture of dead 
staphylococci , 7, the effect of one-half unit of insulin per kilogram and 0 5 cc of 
whole pus taken postoperatively from a dog with empyema , 8, the effect of one- 
half unit of insulin per kilogram and all of the iodized oil from 300 cc of pus 
taken postoperatively from a dog with empyema, injected intravenously m 
2 cc of waterj' emulsion and 9, the effect of one-half unit of insulin per 
kilogram and 0 5 Gm of cholesterol given one hour before the experiment 
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Injections of cliolesteiol in enormous closes were also tiled, as we 
thought that the hypercholesteiinemia of vasculai disease might be a 
factor, but, as can be seen, their effect was ml In this connection it is 
mtei esting to note Alahlei 's experiments, which show that insulin 
preients the hypeicholesteiineniia of ethei anesthesia but has no effect 
on that of diabetes 

What, then, is the explanation of the phenomenon with which this 
article is conceined^ The only clue to the pioblem yet discoveied is in 
the noik of Fostei He showed that if a given amount of sugar is 
fed to a patient, there is a definite use in the blood sugar, but that if 
the dose is lepealed within a shoit peiiod, this rise is much less and 
often IS absent In fact, an actual h}pogl}cemia may lesult He also 
shoved that theie is a maiked h}pogl}cemia following the initial use 
after the ingestion of large doses of dextrose He explains these 
leactions on the basis that the caiboh}drate metabolism has been 
speeded up by the first dose and is going on at such a rate that the second 
dose is easily stored oi consumed without giving rise to hypergl} cemia 
It IS well known that in dehydrated animals the metabolism is speeded 
up, not onh is the metabolic late higher, but all the metabolic changes 
are proceeding at a highei rate Nitrogen waste is also increased One 
might therefore assume that in our animals the consumption of carbo- 
hydrate was already proceeding at a higher i ate in the dehydrated dogs, 
and therefore the fall m blood sugar was more mai ked 

Finally, m this connection, it is interesting to note the fact recently 
obsen^ed by 01msted.-“ Edwards and many others that insulin has the 
effect of markedly concentiatmg the blood This secondary action, of 
course, acts as a marked adjuvant to its hypoglycemic function 

CONCLUSIONS 

1 In diabetic animals the hjpoglycemic effect of insulin is enor- 
mously exaggerated and prolonged in anhychemia and lessened or 
abolished m hychemia 

2 In normal and diabetic animals, hydration or dehydration has no 
effect on the daily blood sugar curve unless insulin is injected 

20 Mahler, A Blood Cholesterol During Ether Anesthesia, J Biol Chem 
69.653 (Aug) 1926 

21 Foster. G L Studies in Carbohydrate Metabolism, 11 J Biol Chem 
55.303 (April) 1923 

22 Olmsted, i\I D Effect of Insulin on Blood, Am J Physiol 69 137 
(June) 1924 

23 Edwards, D J Production of Anhydremia with Insulin, Am J Physiol 
70.273 (Oct) 1924 
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3 Intoxications of vaiioiis soits do not have an inhibitory effect on 
the action of insulin 

4 A possible explanation foi these phenomena is offered, but fuithei 
woik on the subject is highly desirable 

5 The degree of hydration of the body must be considered in the 
use of insulin, especially in diabetic subjects, in ordei to avoid h)po- 
glycemic reactions 



MATERIAL FROM LYMPH NODES OF MAN 

II STUDIES ON LIVING AND FIXED CELLS WITHDRAWN 
FROM LYMPH NODES OF MAN 
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In a pievious papei I desciibed a simple method foi obtaining living 
cells from lymph nodes oi tiimois 

Paiticulai stiess has been placed on the study of living cells, 
because one not only obtains fiom them a tiue cytologic pictuie, but 
also can obseive them in their ph)fSio}ogic behavioi to alteied envii on- 
mental conditions Apparently most of the woik on the pathology of 
lymph nodes has been concerned chiedy with their alteied aichitecture 
and then giossei histolog}^ Di Gcoige R Minot suggested to me 
that a study of the fiesh cells of lymph nodes might be woith while, 
and fiom foimei woik I believed that a closei sciutmy of cell oigans, 
such as mitochondiia specific giantiles, segiegation bodies and othei 
cytoplasmic and nucleai stiuctuies, not only m fixed prepaiations, but 
also vith special icfeience to the pathologic physiology and histology of 
these oigans in living cells, might piovide valuable information It 
was with the idea of studying living cells fleshly diawn fiom diseased 
tissue that the studies of pathologic lymph nodes icpoited heie weie 
undei taken Fuilhei studies on the cytology of tumois is in pi ogress 
and will be piesentcd at a latei date 

MATERIAL STUDIED 

The method desciibed^ has been applied to the study of thirty 
cases- of lymph node disease m which thnty-eight punctuies were 
performed Twenty-thiee patients have had punctuies of their lymph 
nodes, the remaining cases weie studied by pnnctuie of biopsy 
material A pathologic lepoit was made on the sectioned tissue in all 
but SIX cases and two of these showed the classic blood picture of 
chronic lymphatic leukemia In most instances the sections were 

' From the Medical Service of the Collis P Huntington Memorial Hospital 
of Harvard University 

1 Forkner, C E A Method to Obtain Material by Puncture of Lymph 
Nodes for Study with Supra'utal and Fixed Stains, Arch Int Med , p 532, this 
issue 

2 Some of these cases were studied at the New England Deaconess and New 
England Baptist Hospitals 
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studied by Dr J Homer Wright A few reports were made by Dr 
Lawrence W Smith These pathologic i eports, together with my studies 
on many lymph nodes obtained fiom fresh autopsies m which there 
was no appaient pathologic process of the lymphatic system, have 
furnished adequate controls 

NORMAL LYMPH NODES 

The cellular content of normal retroperitoneal and deep cervical 
nodes showed similar cytologic characteristics, which were practically 
constant in all the cases studied The picture was dominated by the 
presence of many lymphoid cells, which comprised about 90 per cent, 
and Mhich were found in various stiges of development Almost all 
of these cells were small and had lound nuclei and moderate amounts 
of cytoplasm^ (fig 1) The cytoplasm usually did not contain struc- 
tures staining with neutral red Most of the cells had a few small 
globular or rod-shaped mitochondria, which frequently weie grouped in 
one or two colonies m the cytoplasm near the nucleus The mito- 
chondria stain a delicate bluish green with the janus green These 
cells were undoubtedly immature lymphocytes, for as Sabin ^ has 
pointed out, the mature lymphocyte almost invariably contains one or 
more cytoplasmic structures staining with neutral red, is small and 
has a nariow cytoplasmic ring containing giouped perinuclear mito- 
chondria Although many of these cells tend to show a grouping of 
the mitochondria, which characteristic is considered evidence of matura- 
tion and differentiation toward the adult cell type, there are a large 
number in which these Altman bodies have no characteristic distribution, 
but are diffusely scattered throughout the cytoplasm Cunningham, 
Sabin and Doan ° have shown that those lymphoid cells which do not 
possess neutral red bodies, and which possess mitochondria, either 
diffusely scatteied or with a beginning grouping around the nucleus, 
are best considered as lymphoblasts 

The cells of the lymphoid senes comprised o-ver 90 per cent of all 
the cells present in material obtained by puncture of normal l)^mph 

3 The figures which accompany this paper have m some instances been made 
from fixed preparations rather than from supravitally stained ones This is 
because it vas often impossible to secure the services of the artist when the 
Ining cells had just been withdrawn, which is the best time to observe them 

4 Sabin, F R Studies on Ln ing Human Blood Cells, Bull Johns Hopkins 
Hosp 34 277, 1923 

5 Cunningham, R S Sabin F R , and Doan, C A The De^elopment of 
Leucoc^tes, Lj mplioc\ tes, and IMonocytes from a Specific Stem-Cell in Adult 
Tissues pub 361 Contribution to Embr\ologj 84 Carnegie Inst, Washington, 
1925 p 227 
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nodes The lemaining cells, appi oximalel y 10 per cent, were made up 
of reticular cells, fibi oblasts, macrophages, occasional histogenous mast 
cells, occasional pol 3 moiphonuclear leukoc>tes and another cell the 
identit} of A\hich I have not yet detei mined 

The reticulai cells found in bone mariow and lymph nodes have 
been studied In Cunningham, Sabin and Doan ^ The} desci ibed these 
cells as occunmg chaiacteiistically in groups and having irregular 
cytoplasmic holders, the C}toplasm appearing like smooth ground glass, 
and containing no structures staining vith neutral red or janus green 
They regaid these cells as the piccuisors of all the white blood cells 
In the films nhich I have studied of lumg cells from normal l}mph 
nodes, these reticular cells vere found in small numbers, \arymg from 
0 5 to 4 per cent The c\toplasm usually \\as nongianulai, and its 
borders could be defined only with scrutni} The nucleus was large, 
O'val or loiind with the chromatin rathei diffusely scatteied (fig 2) 
In stud} mg man} smears of noinial hmph nodes cells were found 
frequenll} which resembled fibroblasts in all of their chaiacteri sties 
Tiic} were usual!} elongated cells with an o\al nucleus and branching 
c}toplasni containing few’ oi no giamdcs Delicate mitocliondna stain- 
ing a light blue were seen occasionally in the cytoplasm 

Another cell which was seen m lelatnel} small numbcis in hmph 
nodes is the characteristic clasinatoc} te oi niaciophagc Normallv, these 
cells aie scaice, but in certain pathologic cases to be mentioned later, 
the} occur in considerable numbers These clasmatoc} les weic con- 
spicuous b} their large size and by the presence in then c}toplasm of 
huge granules or lacuolcs staining with natural red The granules or 
cacuoles \aiicd inaikedly and increased perceptibly in size with longei 
exposure to the neutral led The cacuoles \aiicd m their coloring, 
some of them weie a bright led giving the acid leaction of the d}c, while 
othcis were more of an oiange }ellow, guing the basic reaction Neutial 
red IS not onh a specific stain for these c}toplasmic A’acuoles, but it ahu 
enables one to tell somctliing of then leaction, for the gianules on the 
acid side of pn 6 S are stained red, wdiile those on the basic side of pn 7 8 
arc stained yellow' or oiangc The clasmatocyles or maciophagcs fic- 
quently showed changes in shape and exhibited some dcgiee of niotiht}, 
although the number and si/e of tlic vacuoles appaiently w’as not 
dependent on this factoi Mitochondria w'ere not conspicuous in these 
cells, but on careful obscivation one lould see them scattered diffusely 
in the cytoplasm, appealing as delicate filaments and lods staining lightly 
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with the dilute janus green The nuclei are usually round and do not 
stain in supravital preparations 

Normal lymph nodes sometimes showed typical histogenous mast 
cells which could not be confused with any other type of cell found 
They were characterized by an abundance of deeply basophilic gianules 
of equal size which filled the cytoplasm and tended to obscuie the small, 
centrally placed, round nucleus These cells were not numerous, but it 
must be borne in mind that they do occur m noimal lymph nodes of man 
Occasionally one sees also the typical active, migrating neutiophihc 
polymorphonuclear leukocytes with fine refractive granules of equal size, 
staining lightly a delicate orange, or if the dye is dilute, theie may be 
no pel ceptible staining These cells may or may not contain one or sev- 
eral reddish vacuoles in their cytoplasm 

It IS of interest to note at this point that m nodes obtained at autopsy 
it was not possible to identify defimtelv monocytes or the so-called endo- 
thelial leukocytes The supravital technic is an admirable method for 
the identification of these cells, it would seem from the evidence at hand 
that normally they have no place in h/mph nodes This point has been 
particularly noted because of the existing controversy about the origin 
and presence of monocytes m lymph nodes ° 

At times I found still another cell in apparently normal lymph nodes 
This cell was large and possessed one or more nuclei It was con- 
spicuous by the presence of very laige ref i active granules which were 
considerably larger than the specific granules of polymoiphonuclear 
eosinophilic leukocytes, and which did not stain with vital dyes The 
cells weie irregular in shape and varied in size from that of a large 
neutrophil to a cell several times as large The large granules did not 
increase or decrease m size, tended to fill the whole cytoplasm and were 
soluble in both water and alcohol Their origin or then place in the 
histolog) 01 physiolog}^ of lymph nodes is not clear, and further study 
IS required on this point 

PATHOLOGIC LYMPH NODES 

The term lymphoblastoma (Mallor}^) is used m this paper to include 
the following conditions sharply separated from each other by certain 
pathologists, lymphatic leukemia, lymphosarcoma, Hodgkin’s disease 
and aleukemic l}mphatic leukemia (pseudoleukemia) 

6 For a further discussion on the origin of the monocytes in lymph nodes 
the render is referred to the article of Mcjunkin, F A Origin of Mononuclear 
Phagocxtcs of Peritoneal Exudates Am J Path 1 305, 1925 
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Table 1 gives a list of the conditions studied, together with the 
diagnoses ~ made in the clinic, those made hy loutine pathologic section 
and those made hy piinctme The diagnoses ai lived at fiom study of 
mateiial obtained hy punctuie vas made piioi to leainmg the diagnoses 
made from the sectioned tissues 

linNlGK Il’k PEUPL \si \ 

The casc^ which showed least laiiation fiom noimal w'eie simple 
h\peipla':tic nodes lesulling from ncaih} infection w'lth common oigan- 
isms ITam nodes lia\c lieen examined wdiich weic enlarged as the 
result of a teimmal septicemia and main otheis near the hilum of the 
lung Such ca«:eb did not picsent an alinoimal peicentagc of immatme 
at}pical cells, nor did the pioiioition of cells found \ary fiom that of 
the noimal node except foi the jneseiKC of main moie of the polymoi- 
jihnmicleai leukocvtcs The lattei cells weie casil\ iccogm/ed In then 
histologic chaiactciist.es and h) then actnc motility m fiesh prepara- 
tions Thcic was not the picpondei.intc of }Oung cells showing evi- 
dence of r.ipid piolifeiation w’hich one finds in hmphohlastoma 

LPUKLMIA 

Leukemia, hmjihatic leukemia and aleukemic leukemia piohahly can- 
not be difiercnliatcd hy matciial obtained fiom punctuie of lymph nodes, 
foi 111 both of these conditions the pathologic process is well known to 
he entnei} similai IIowe\ci, if one ohsencs the hmjihoid cells care- 
fulK in these conditions, it is appaic.it that although the} aie the sire 
of adult hmiihocMes iheie is .in absence of the othei thaiactei istics ol 
cellul.u diflciuili.Uion ^o CMdcnt m cells of noim.il lymph nodes Onl) 
a few of the cells m the leukemic nodes contained any grouping of the 
mitochondi i.i, and almost none of them contained the ejtoplasmic gian- 
ulcs staining with neuti.il red 'J'hc nucleus w'as also chaiacteii/cd hy 
a diftiise statteiing of the elnomatin i.ithci than hy an aggiegation m 
masses as occuiied in a laigc piopoition of the normal l}mph node cells 
In l3unphatic leukemia, with oi without a leukemic blood pictuie cells 
obtained hy punctuie wcic of a moie oi less uni foi m immatme type in 
distinction to the gicatci numhci of moie difTeientiated cells of noimal 
lymph nodes This is also to he ohscivcd m sections of fixed tissue 

7 Wlien .1 diagnosis was rcndcicd in a name dilTcicnt fiom that used in tins 
paper It has been given lierc in llie lei ininologj' adhered to in this communication 

8 E'ccllcnl descriptions of living blood cells stained by the supravital method 
are gnen in the articles of Sabin and Simpson rofcried to in the lubliograpin 
of tins and the pieceding paper 
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Table 1 — Data Concerning Cases Studied by Piinctme of Lymph Nodes 


Case 



Pathologic 

Preliminary 

Clinical 

Diagnosis 

b\ 

Biopsj i 
Puncture 
or 

Clinical 

Duration 

of 

Adeno- 

Location 

of 

Pumor 

Number 

of 

Punct- 

Xo 

AfcC 

Sev 

' Diagnosis 

Diagnosis 

Punctura 

puncture 

pathy 

Punctured 

ures 

1 

5G 

d 

Lymph 0 
blastoma 
(Hodgkin's) 

Ljmpho- 

blastoma 

(aleukemic 

leukemia) 

Lympho- 

blastoma) 

(leukemia) 

Clinical 

years 

Right 
Posterior 
part of 
Neck 

1 

2 

30 

d 

Doubtful 

hmpho- 

blastoma 

Lj mpho- 
blastoma 

Lj mpho- 
blastoma 

Biopsy 

1% years 

Neck 

1 

3 

22 

d 

Ljmpho 

blastoma 

Lympho- 

blastoma 

Hodgkin’s 

Hodgkin’s 

Clinical 

2% years 

Neck 

2 

4 

Cl 

d 

Ljmpbo- 
blastoma 
(sclerosing f) 

Lympho 

blastoma 

Hodgkin’s 

Clinical 

1% years 

Neck 

1 

5 

20 

9 

Lympho 

blastoma 

(Hodgkin’s) 

Lympho- 

blastoma 

Hodgkin’s 

Clinical 

7 jears 

Neck 

2 

0 

37 

d 

Limpho 

blastoma 

(cclerosing) 

Ljmpbo- 

blastoma 

Hodgkin’s 

Clinical 

1% jeara 

Neck 

1 

7 

54 

d 

Lympho- 

blastoma 

Lympho- 

blastoma 

(rapidly 

grotving) 

Ljrmpho- 

blastoma 

(rapidly 

groiiing) 

2 Clinical 

1 Biopsy 

3 j ears 

Neck 

3 

8 

0 

30 

d 

$ 

Lvmpho 

blastoma 

(Hodgkin’s) 

Lympho- 

blastoma 

Ljmpho- 

blastoma 

? Hodgkin’s 

Hodgkin’s 

Lympho- 

blastoma 

(rapidly 

growing) 

Ljmpho- 

blastoma 

1 Clinical 

1 Biopsy 

Biopsy 

% J'ear 

Neck 

Neck 

2 

1 

10 

18 

d 

^o Ljmpho 
blastoma 
in specimen 

Lympho 

blastoma 

Biopsy 

1 year 

Neck 

1 

11 

13 

d 

barcoma 
Mith ? 
of angio- 
sarcoma 

Lympho 

blastoma 

Lympho 

blastoma 

Clinical 

1% year 

Neck- 

1 

12 

54 

$ 

Isone 

Chronic 

Ijmpbatic 

leukemia 

Lympho- 

blastoma 

(leukemia) 

Clinical 

5 years 

Neck 

1 

13 

01 

$ 

Lympho 

blastoma 

Chronic 

lymphatic 

leukemia 

Lj mpho- 
blastoma 
(leukemia) 

Clinical 

2% years 

Neck 

1 

14 

34 

d 

None 

Chronic 

lymphatic 

leukemia 

Lympho- 

blastoma 

(leukemia) 

Clinical 

1)4 years 

Axilla 

1 

ll 

IS 

0 

Leiorayo 

sarcoma 

Tubercu- 

losis 

Pibroma 

Biopsj 

2 weeks 

Neck 

1 

IG 

10 

0 

Benign 

hyper- 

plasia 

Lympho 
blastoma 
of tonsil 

Benign 
hiper 
plasia 
with in- 
fection 

Biopsy 

3 years 

Tonsil 

1 

17 

GO 

d 

Adeno 

carcinoma 

Lympho Carcinoma 
blastoma 
(Hodgkin’s) 

2 Clinical 
1 Biopsy 

% year 

Neck 

3 

IS 

17 

d 

rpithelinl 

carcinoma 

Lj mpho 
blastoma 
(Hodgkin’s) 

Carcinoma 

Clinical 

1^4 j ears 

Neck 

2 

Iff 

4S 

d 

None ? Of carcino- 
ma or 
bmplio 
blastoma 

Carcinoma 

Clinical 

1 J'ear 

Neck 

1 

20 

DS 

d 

None 

Ljmpho- 

blnstoma 

Carcinoma 

Clinical 

2 years 

Neck 

1 

21 

30 

9 

Vdeno 

carcinoma 

L\ mpho 
blastoma 
(Hodgkin’s) 

Carcinoma 

Biopsy 


Axilla 

J 

o.> 

47 

9 

Care noma 

Carcinoma 

Carcinoma 

Biopsy 


Axilla 

1 


50 

o 

C ircinoma 

Carcinoma 

Carcinoma 

Biopsi 


Axilla 

1 

24 

20 

9 

lubercu- 

locis 

Tubercu 

losis 

Tubercu 

losis 

Biopsj 

4 years 

Neck 

1 


* In this tnble cT intiicates jinle 9 lormle 

t Bj l)iops\ punctnrp is meant puncture of tissue removed at operation in distinction to 
clinical punctures avliich Mere performed on patients independent of other procedures 

* Sclerosing- Ivmphoblastoma is a term used to indie ite the picture seen in a section or 
relatuelv far adtiinced llodgbin’s di‘^ca«e 
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Table 1 — Data Concerning Cases Studied by Punctiuc of 
Lymph A odes — Continued 


Case 



Pathologic 

Prehrainarj 

Clinical 

Diagnosis 

by 

Biopsy t 
Puncture 
or 

Clinical 

Duration 

of 

Adeno- 

Location 

of 

Tumor 

Number 

of 

Punct- 

Ko 

Age Se%* 

Diagnosis 

Diagnosis 

Puncture 

Puncture 

pathj 

Punctured 

urcs 

25 

29 

(f 

Tubercu- 

losis 

Ljmpho 

blastoma 

Tubercu- 

losis 

Biopsy 

1% 3 ears 

Acek 

1 

2G 

32 

d 

Tubercu- 

losis 

Tubcrcu 

losis 

'Tubercu- 

losis 

Biopsj 

3 years 

Neck 

1 

27 

49 

d 

Tubercu- 

losis 

Tubercu- 

losis 

Tubercu 

losis 

Biopsy 

2 years 

Neck 

1 

2S 

23 

$ 

Tubercu- 

losis 

Tubcrcu 

losis 

Tubercu 

losis 

Biopsy 

3 y ears 

Neck 

1 

29 

41 

$ 

Tubercu- 

losis 

Tubercu- 

losis 

Tubercu- 

losis 

Clinical 

15 years 

Neck 

1 

30 

S 

d 

None 7 Of Tubercu- 
losis or 
Lympho- 
blastoma 

Tubercu- 

losis 

Clinical 

2*/4 years 

Neck 

1 

SI 

21 

9 

Tubercu- 

losis 

Ljmpho- 

blastoma 

Tubercu- 

losis 

Clinical 

1 month 

Neck 

1 


Hodgkin’s disease 

Steinberg, ° Reed,^° Longcope and others have established a more 
or less characteristic histologic pictme for what is ordinarily termed 
Hodgkin’s disease, and Mallory^- lefeis to the condition as a sclerosing 
type of lymphoblastoma The eaily stage of the condition is character- 
ized by a pioliferation of lymphoid cells, which is then followed by the 
appearance of many larger and paler cells with vesicular, palely staining 
nuclei The latter stiuctuies have been called endothelioid cells Among 
the so-called endothelioid cells are found other laiger cells with pale, 
iriegular cytoplasm containing one or several laige, rounded or indented 
nuclei which usually he adjacent to each other These nuclei each con- 
tain one or two nucleoli Many eosinophils are also not infrequently 
found Aftei a time, howevei, the cellular picture tends to be leplaced 
by a piogressive scar foimation thioughout the node, leaving areas of 
cellulai prolifeiation here and there 

The mateiial obtained by puncture of lymph nodes m Hodgkin’s 
el\ ad"! anced sta>^e levealed the same cytologic char- 
acteiistics that weie found in sections of such nodes Some of the 
advanced cases with marked sclerosis of the tumor masses showed fewer 
cells than eailier in the disease The large, pale cells shownng the char- 

9 Sternberg, C Universelle Primarerkrankungen des lymphatischen 

Anparates, Centralbl f d Grenzgeb d Med n Chir 2 641, 1899, Ueber eine 
eigenartige iinter dem Hild der Pseudoleukamie 'vcrlanfende Tnbercnlo^e 
lymphatischen Apparates Ztschr f He.dk 19 21, 1896 oercuiose des 

10 Reed. D kl On Pathological Changes in Hodgkin’s Disease, with 
Especial Reference to its Relation to Tuberculosis, Johns Hopkins Hosp Rep 
10 133 1902 

11 Longcope, W T Pathological Histology of Hodgkin’s Disease, with a 
Report of a Series of Cases Bull A 3 er Chn Lab 1 4, 1903 

12 ]\ralIor\, Frank B Principles of Pathologic Histolog\, Philadelphia W 

B Saunders Compam 1915 ' ’ 
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actenstics of reticulum cells were abundant In these cells mitotic 
figures were not infrequently seen, but rarely could mitochondria be 
observed m the cytoplasm Certain cases of rapidly advancing Hodgkin’s 
disease showed these reticulum cells containing irregular sized pai tides 
in the cytoplasm, staining with neutral red and in this manner lesem- 
bhng the reticulum cells seen in other cases of rapidly growing 
lymphoblastoma In addition giant cells with delicate iiiegular cyto- 
plasm containing one or seveial oval or indented nuclei could be 
obser\ed In most instances eosinophils were present containing large 
yellow refractive granules in the cytoplasm Macrophages were some- 
times seen and fibroblasts were almost always present, but they were 
more abundant in the late cases in vdiich there were hard, scleiosed 
nodes 

RAPIDLY PROGRESSING LYMPHOBLASTOMA 

In lapidly glowing lymphoblastoma other than Hodgkin’s disease 
and l 3 TOphatic leukemia, the nodes often were soft and showed a 
cellular pictuie Likewise, these cases piogressed lapidly to death 
Theie was marked vaiiation in the types of cells found m distinc- 
tion to the cytologic picture of chronic lymphatic leukemia, in which 
the cells v ere apt to be about the same size and more uniform in char- 
acter In these rapidly progressing cases the cells exhibited numerous 
mitotic figures (fig 3) Many large, pale cells resembling reticulum 
cells were present in the smears (fig 4) All sorts of aboitive imma- 
ture lymphocytes were found, which contributed largely to the picture 
(fig 5) They varied from large cells with diffusely scattered mitochon- 
dria and no cytoplasmic neutial led bodies in a lather abundant 
c}toplasm, to the small, more adult l 3 unphoc}’te which was practically 
completely differentiated The adult lymphocytes weie much less 
abundant than in normal nodes 

The various cells lemoved from noimal lymph nodes, from the nodes 
in chronic lymphatic leukemia with or without a leukemic blood picture 
and from the rapidly progressing tymphoblastoma varied in size, the 
cells fiom the lymphoblastoma were obviously larger than the normal 
or the leukemic cells If one should plot a fiequency curve of the diame- 
ters of the cells, in much the same manner as Price- Jones has done in 
plotting the sizes of red blood cells, there would be a more marked 
variation in size and a distinctly largei mean diameter of the cells from 
rapidly progressing lymphoblastoma than those from normal or leu- 
kemic nodes The leukemic cells would show a mean diameter 
intermediate between that of the normal node cells and the cells from 
rapidh growing lymphoblastoma However, the difference m size of 
cells in normal lymph nodes, chronic lymphatic leukemia and rapidly 
progressing h mphoblastoma is probably of less importance than are the 
finer cytologic characteristics described 
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It would appear fiom this discussion that the study of cells fioni 
punctuie of lymph nodes piovides ceitam definite histologic evidence foi 
the sepal ation of enlaigement of the lymph node due to (a) benign 
hypeiplasia, (b) chiomc lymphatic leukemia with or without a leukemic 
blood picture, (c) Hodgkin’s disease and (d) othei lymphoblastomas of 
lapidly growing type, which many pathologists might perhaps call lym- 
phosai coma 

CARCINOMA 

The mateiial obtained by punctuie of caicmomatous nodes m seven 
patients appealed different in all instances fiom that collected fiom cases 
of lymphoblastoma It was thus possible to distinguish not only diffei- 
ent soils of lymphoblastoma, but also to separate cleaily this gioup of 
cases fiom those with metastatic caicinoma Case 19 (table I), is 
illustrative Clinically, the case appealed to be one of typical Hodg- 
kin’s disease, but a study of the cells withdiawn by punctuie of a huge 
mass of tissue on the left side of the neck revealed a histologic picture 
distinct fiom that eiicounteied in Hodgkin’s disease In this case the 
cells weie all of the same type, laige m size and often occurred m groups 
of half a dozen or moie, sepaiated by pooily defined bordeis Many 
isolated cells with an iriegular rounded contour weie also piesent These 
showed an abundance of lather dense gi ound-glass-like cytoplasm and 
a huge nucleus containing a well defined nucleolus (figs 6, 7, 8 and 9) 
The nucleoli weie ref i active and seemed to give a delicate basic reaction 
to neutial red Neither mitochondiia noi cytoplasmic stiuctures stain- 
ing with neutial led weie detected, however, the cells, including the 
nucleus, became a delicate pink when a slightly concentrated solution of 
neutial led was used Ameboid activity was not observed The cells 
weie classic examples of those found m cancer, and the tumor was 
undoubtedly a carcinoma, as shown by a study of the tissue obtained at 
biopsy 

There weie foui types of tumor cells among the seven cases The 
diffeient kinds of cells lesembled each other in then geneial charactei- 
istics but dififeied in finei details The cells were alike foi any given 
tumor Ip three cases they weie identical histologically Theie weie 
other cases among the seven, in addition to the one alieady cited, in 
which the clinical diagnoses weie in doubt, but which weie pioved to 
be caicinoma In two of these cases theie were solitary nodes deep in 
the neck and situated so that then surgical lemoval was considered too 
difficult to undertake However, they were readily punctured, and the 
mateiial contained cells typical of cancer, thus the value of this pro- 
ceduie is illustiated 

TUBERCULOSIS 

Eight cases of tuberculosis of the lymph nodes were studied, and the 
obseuations appeal to iiulicdte that cellulai material withdraun fiom 
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such nodes has distinctive characteristics, so that puncture of lymph 
nodes can aid in distinguishing tubeiculosis fiom other disorders of the 
l}inphoid tissue The films of cells obtained fiom nodes pioved to be 
tuberculous contained a generous proportion of the so-called epithe- 
lioid cells, which tend to dominate the histologic picture of tuberculosis 
Sometimes they constituted about 85 pei cent of all the cells removed 
Lymphocytes, mostly of the small, well diffei entiated type with perinu- 
clear mitochondiia, were moie abundant m some cases than m others, 
but the epithelioid cells were a distinguishing feature of the material 
obtained from tuberculous lymph nodes These large cells weie usually 
oval, with a relatively small vesicuiai nucleus and cytoplasm that 
appeared very finely granular and possessed a faint but distinct yellowish 
tinge which could be seen m both the stained and unstained preparations 
The epithelioid cells often contained more than one nucleus, and occa- 
sionally one could be distinguished that appealed transitional from the 
simple epithelioid cells to typical giant cells with numerous nuclei 
grouped neai the peiipheiy Simple epithelioid and typical giant cells 
do not contain cytoplasmic granules staining with neutral red, and in 
only a few instances were structures resembling mitochondria made out 
The giant cells in the smears from tuberculous lymph nodes in most 
instances differed fiom those encountered m Hodgkin’s disease m sev- 
eral ways The giant cells of Hodgkin’s disease contained a large 
irregular, bilobed, or m many cases a multiple lobed, nucleus The 
nuclei of tuberculous node giant cells, were numerous, small and lay 
scattered near the periphery of the cell, whereas the nucleus or nuclei 
of Hodgkin’s giant cells were large, well defined, irregular bodies lying 
close together, and often centrally placed These observations are in 
agreement with the general observations in fixed tissue and with the 
observations of Mcjunkm on the character of the giant cells m Hodg- 
kin’s disease Mcjunkm studied these cells by injecting lymph nodes 
Macrophages almost invariably were present m the material from 
tuberculous lymph nodes They were slightly motile, and contained in 
the cytoplasm numerous irregular bodies staining with neutral red and 
valuing m size from barely perceptible granules to bodies even larger 
than red blood corpuscles A few polymorphonuclear neutrophils and 
an occasional mast cell usuall} could be seen In a few instances there 
occurred large cells with one or more nuclei and with cytoplasm that 
was filled with huge refractive, nonstaming gianules This type of cell 
vas described m the earl) part of tins paper as occasionally occurring 
m normal l)mph nodes, but its identity is not known Material from 

13 McTunkin F \ SupraMtal Reaction to Neutral Red of the Cells of 
LMnph Nodes of Hodgkin’s Disease, '^rch Path 2 815 (Dec) 1926 
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the tuberculous lymph nodes also often contained a considerable number 
of dead degenerating cells and cellulai debris 

Isolated obser\ations weie made in a few cases of other diseases 
than those alread}'" given, for example, the nodes in a case of myelog- 
enous leukemia were punctured, and the cell content was the sort to 
be expected in this disease 

Tables 2 and 3 present an outline of the chief characteristics and 
differences in the cytologic pictuies of the various groups of lymph node 
diseases studied by means of punctuie 


Table 2 — CJncf Cytologic Clim octet istics of Matciial Removed by 
Pnnefute of Lymph Nodes 


Normal Ljmpb Nodes 

1 Domimted by cells 

of 1 y m p h o cytic 
series 

a Early lymphoblasts, 
few m number, 
very basophilic 
cytoplasm, diffuse- 
ly scattered mito 
chondna, diffusely 
scattered c h r o - 
matin in nucleus 
b Eymphob lasts of 
later stage, rela- 
tively many (30- 
40%), narrow cyto- 
plasmic ring, 
grouped p e r i n u 
clear mitochon- 
dria, no cyto 
plasmic neutral red 
bodies 

c Lymphocytes practi- 
c a 1 1 y completely 
differentiated, rela- 
tively many (40 
60%), grouped 
perinuclear m 1 1 o- 
chondria, one or 
more neutral red 
bodies 

2 Reticular cells, few 

in number 

3 Fibroblasts, i n f r e- 

frequent 

4 Macrophages, rare 

5 Histogenous mast 

cells, rare 

6 Pol ymorphonuclear 

neutrophils, rare 

7 Giant cell with huge 

refractive granules 
not staining with 
vital dyes, rare 


Benign Hyperplasia 

1 Lymphocytic cells 1 

of same type and 
number as tho«c 
In normal lymph- 
nodes 

2 Reticular cells as m 

normal nodes 

3 Fibroblasts as m 

normal nodes 

4 Macro phages i n 

creased in num- 
ber 2 

5 Hitogenous mast 

cells frequently 

6 Increased numbers 

of polymorpho 
nuclear ncutro S 
pittls as com 
pared to normal 
lymph nodes 

7 Giant cells as in 4 

normal nodes 

8 Eosinophils are 

often present but 
are not a conspic- 
uous feature 5 


Tuberculosis 

Epithelioid cells 1 
Often oval with 
small vesicular 
nucleus and abtiii 
dant very finely 
granular cyto- 
plasm which has 
a light yellow 
tinge in unstained 
and supravital 
preparations 
Macrophages usual 2 
ly present, often 
more than nor- 
mal or in benign 
hyperplasia 
Neutrophils usually 
present, often 
more than In nor- 
mal nodes 
Often degenerating 
cells and cellular 
debris, caseous 
matenal often is 
withdrawn 
Giant cells with 
multiple small 
n u cl e 1 around 
periphery of cell 
m contrast to the 
usual large irreg- 
ular centrally 
placed nucleus or 
nuclei in giant 
cells of Hodgkin’s 
disease 

Tubercle bacilli 
rarely found 


Carcinoma 

Cells almost en 
tirely of one 
type, large oval 
or angular cells 
with pale non 
granular but 
often finely vacu- 
olated cytoplasm, 
oval or roimd 
nucleus with nu 
cleolus 

Conspicuous ab- 
Bcence of lymph- 
oid cells and of 
the other normal 
constituents of 
lymph nodes 


COMMENT 

From study of the tables 2 and 3, it will be apparent that there are 
definite histologic differences in the cells of the diseases discussed 
Benign hyperplasia and tuberculosis do not show the atypical develop- 
ment of lymphoid cells which is present in the l}Tnphoblastoma group 
Benign hyperplasia is distinguished by the fact that there is no dis- 
tui bailee in the general c}d:ologic picture, but there is an increase in the 
polymorphonuclear elements Given a smear of material from a l^unpli 
node in which there is no evidence of altered cellular development, and 




658 


ARCHIVES OF INTERNAL MEDICINE 


with an increase of the cells ordinarily found in sites of chronic inflam- 
mation, one IS justified in making a diagnosis of benign hyperplasia 

Tuberculosis is readily distinguished by the presence of so-called 
epithelioid cells, and their charactei is distinctive Disintegrated cells 
also are featuies of tuberculosis 

Carcinoma is apparent at a glance, and no differential cytologic diag- 
nosis need be discussed The cells aie characteristic, as indicated in 
the tables 


Table 3 — Chief Cytologic Chaiactcustics of Matcnal Removed bv 
Pitnctuie of Lymph Nodes 


Chronic Lvmphatic 
Leulvcmn With or Without 
I/CuLemic Blood Picture 

1 Cells of ly mphatic set les 

domtnatc ptclurc, rein 
tiveh few dilTertntntod 
lvinphoc%tes number of 
poorlj dilTeientnted eells 
■with dilTusels geittered 
mitoehondrn nnd t rcla 
ti\clj large amount of 
evtoplasm is much larger 
in this group than in 
normal, cells of mitfoiin 
iiitiiiatiirc t^pc, mitotic 
figures more frequent 
than normal, less fre 
quent than in the rapid 
Iv progressing Ijmpho 
blastoma 

2 Ecticular cells, few in 

number 

3 Almost complete absence of 

other structural elements 


Bamphobl istoma 


HodgLin s Disease 


1 Presence of large pale 

cndothclioid celts in con 
stdciable numbers no 
characteristic color to 
cytoplasm m contrast to 
characteristic yellowish 
tinge of epithelioid cells 
of tuberculosis, nucleus 
IS large in contrast to 
small nucleus of epithel- 
ioid cells of tuberculosis 

2 Large giant cells with one 

or more large distinct, 
vesicular, irregular, usu 
ally centrallj placed nu 
clei arc characteristic 

3 Eosinophils often aerj 

abundant, nsuallj more 
than in other diseases, 
not alnajs the case, for 
there maj be few or none 
present, especially in 
early cases 

4 Macrophages rare 

5 Ljmphoid cells present in 

considerable numbers in 
earl> cases, fewer in ad 
vanced cases 

0 Pibroblasts numerous in 
advanced cases, few in 
early cases 


■ 

Itrpidlj Progressing 
Lymphoblastoma Other 
Lhan Leukemia and 
Hodgkin’s Disease 

1 Maiked increase over nor 

mal of the reticular cells 

2 All types of typical and 

atypical early lympho 
blasts with abundant c> 
toplasm, cells frequently 
much larger m size and 
more irregular in shape 
than in leukemia 

3 Mitotic figures conspicuous 

and more abundant than 
in any other type of 
lymphoblastoma 

4 Almost total absence of 

differ entiated lymphoerte 

5 The large giant cells seen 

in normal nodes are 
more numerous in these 
cases 


L} mphoblastoma in general is chaiactenzed by an atypical develop- 
mental piocess, and it is this featuie more than any other which causes 
It to be set apart from the othei lymph node diseases It is in lympho- 
blastoma that one finds an ungoverned tendency to rapid proliferation 
of cellular elements vdiich wdien carried to the extreme produced a 
picture that one can scarcely recognize as altered lymphoid tissue 

Chronic IjTnphatic leukemia, -with or without a leukemic blood pic- 
ture, IS characterized b} the great preponderance of uniformly 
immature h mphoblasts, wdiereas the reticular cells and stroma cells are 
onh shghth , or not at all, involved m the process On the other hand, 
in Hodgknn’s disease although it also .s characterized by lymphoid pro- 
liferation. especially in the early stages, the striking feature is the 
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niciease in stroma tissue together with the presence of peculiar endothe- 
Iioid cells and eosinophils 

The third type of lymphoblastoma has been referred to as rapidly 
progiessing Here the striking changes are not in the stroma or in the 
lymphoblasts, both of these elements, it is true, show changes, but the 
stnkiiig change is in the great mciease of reticular cfells and the piesence 
of many atypical foims which are probabty early lymphoblasts 

EFFECT OF THE KOENTGEN RAY 

A few nodes were punctured soon after loentgen-ray treatments 
Mateiial taken fiom a carcinoma three hours after tieatment show^ed 
many cells with vacuoles and fragmentation of the cytoplasm (fig 10) 
Theie was consideiable cellulai debris, and huge macrophages oi clas- 
matocytes migiated about wuth biilhantly stained granules and vacuoles 
of many different sizes and shapes These gianules varied m color 
fiom led to vanous shades of browm and yellow Puncture of the same 
tumoi mass a few days piioi to therapy did not show evidence eithei of 
cellular degeneiation or of phagocytosis Another case was diagnosed 
as a rapidly growing lymphoblastoma Before treatment, the cells fiom 
a diseased node showed many mitotic figures, a few hours aftei deep 
loentgen-ray iriadiation (500 electrostatic units), cells obtained by 
puncture of the same node did not show any mitotic figures, but the 
number of maciophages had inci eased, and many more cellular fiag- 
ments weie piesent than befoie lheiap> 

BACTERIOLOGIC AND PARASITOLOGIC STUDIES 

Smeais of the mateiial obtained fiom each case of tubeiculosis were 
fixed and stained for acid-fast oigamsms , in only one instance weie they 
found Diligent seaich for acid fast organisms in piepaiations from 
lymphoblastoma was without rewaid Fresh films from many of these 
cases weie examined by aid of the dark-field microscope In no instance 
w^ere spiiochetes observed, which is contraiy to the observations of 
White and Proschei Dr W C Boeck made observations to determine 
whether or not amebas were present in the material fiom many of the 
cases of lymphoblastoma, but none w^as identified 

SUMMARY AND CONCLUSIONS 

The study of living and fixed cells withdiawm from lymph nodes of 
man is of value Mateiial withdrawm on the barbs of a dental broach 
has been studied by the supravital method, by dark-field examination 
and by fixed stains 


14 White, W C, and Prosdier T Spirochaetes in Acute L\mphattc Leuke- 
mia^ and m Chronic Benign L 3 inphomatosis, J A 1\I A 49 1115 (Sept 28) 
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This method piovides one with information, quickly and easily 
obtained, concerning the cytology, bacteriology and pathologic physi- 
ology of the disease process The observations^ reported heie aie few, 
and thus do not permit unequivocal statements Many more cases must 
be studied before a final estimate of such observations can be made 

The cases studied include different types of lymphoblastoma, tuber- 
culosis, benign hyperplasia and carcinoma Control examinations of 
normal nodes were also made These conditions each gave a distinctive 
cytologic picture, the salient features of which are set apart in italics in 
tables 2 and 3 

Puncture of lymph nodes provides a way to follow the spontaneous 
morphologic changes in disease and those induced by treatment Like- 
wise, prognosis can be formulated from the character of the cells 
obtained by the procedure 


Explanation of Plate 

Fig 1 — Adult lymphocyte from lymph node Red cells shown for magnifica- 
tion Stained with Wright’s stain, X 1,500 

Fig 2 — Reticular cell from a normal node Note the few refractive granules 
in the cytoplasm These are degenerative changes and were not present on first 
examination In very fresh cells these granules are usually absent Fresh 
preparation stained with neutral red and janus green, X 1,500 

Fig 3 — Immature cells from a lymph node of rapidly progressing lympho- 
blastoma in process of mitotic division Wright’s stain, X 1,500 

Fig 4 — Large reticulum cell with two nuclei, from a rapidly growing lympho- 
blastoma, Ijmphocyte nearby Wright’s stain, X 2,000 

Fig 5 — Three at}^pical early lymphoid cells in undifferentiated state from 
the Ijmph node of a rapidlj growing lymphoblastoma Wright’s stain, X 1,500 

Figs 6 and 7 — Carcinoma cells from an adenocarcinoma of the cervical 
nodes Wright’s stain, X 1,500 

Figs 8 and 9 — Fresh carcinoma cells of cervical nodes One of the cells 
shows two definite nuclei Unstained, X 1,500 

Fig 10 — Cell removed from carcinomatous node three hours after roentgen- 
due to treatment Fresh preparation stained with neutral red and lanus green, 
X 1,500 

Fig 11 — Large degenerating cell taken from a rapidly growing lymphoblastoma 
Wright’s stain, X 2,000 
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INSULIN REACTIONS - 

LEE FOSHAY, MD ' 

George W Crile Fellow Jii Research Nedicine 

CLCVl LAND 

A laigei piopoition of the lecordcd insulin leaclions has occuiied at 
a time when the analyses of the blood sugai have shown normal or ele- 
vated blood sngai concentiations Many seveie leactions have been 
obseived at times when the blood sugai concentiations have been fiom 
250 to 350 mg pei bundled cubic centimeteis of blood or even higher 
These expeiiences have caused many obseivers to suspect that the 
fundamental cause of the so-called “hypoglycemic reaction” is not the 
hypoglycemia Vaiious explanations have been offeied in an attempt to 
reconcile the sevei e reaction with a high blood sugar content So far as 
I know, none of these has been fiee fiom seiious criticism, and none has 
been a leal explanation foi eveiy obseived leaction, with the exception 
of the one offeied heie This idea was first published two yeais ago ^ 
Since that time, moie evidence has been accumulated which seems to 
confirm the eailiei woik 

In May, 1925, Eadie, Macleod and Noble - showed that the injection 
of insulin into an animal caused a disappeai ance of glucose fiom fixed 
tissue cells The impoitance of this fact m i elation to insulin leactions 
has been eithei ovei looked oi undei estimated Two months latei, I pub- 
lished lesults which demoiistiated that insulin causes a siniilai disappear- 
ance of glucose fiom ei ytlii ocytes, and that insulin reactions appear 
only when the coipusculai glucose has fallen to aiouiid 45 mg per hun- 
dred cubic centimeteis of blood 

The most seveie leactioii was noted at a time when the whole blood 
sugai was 300 mg and the coipusculai* sugar 3 mg Obviously this was 
not a hypoglycemia, because the blood sugai was about twice the value 
of what IS commonly accepted as the uppei noimal limit For want of a 
single desciiptive teim, I called this condition cy togly copen la — a status 
of glucose impovei ishment of the cells The time lelation of injections 
of insulin and i educed cellulai glucose to the onset of symptoms of a 
reaction, both in the woik of the Toionto investigators and in my own 
woik, suggested that the leaclions weie caused by a lack of available 

*From the Department of Medicine of Lakeside Hospital and Western Reserve 
University 

1 Foshay, L Obser\ations Upon the Action of Insulin on the Blood with 
Special Reference to the Cause of the Condition Known as Hypoglycemia Am 
J Physiol 73 470 (July) 1925 

2 Eadie, G S , I^Iacleod, J J R . and Noble, E C Further Experiments 
on the Action of Insulin, Am J Ph 3 SioI 72 614 (May) 1925 
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glucose within tissue cells, and that the coipuscular glucose concentration 
was a good index of the glucose concentration in the fixed tissues All 
of these experiments were performed on animals Eadie, Macleod and 
Noble woiked with rabbits, while my work was done on dogs 

Since that time I have had the opportunity to observe a numbei of 
diabetic patients who were experiencing insulin reactions, and I have 
studied the distribution of glucose between plasma and erythiocytes 
before, during and after the appeal ance of the leactions The results 
obtained are identical with those pieviously obseived in the dogs 

Every insulin leaction is associated with a low corpuscular sugai 
The sugar content of the whole blood or of the plasma bears no constant 
or direct relation to the reaction in regard to ( 1 ) the actual occurrence, 
even when of gieat seventy, (2) the piobabihty of occurrence, (3) the 
time of duration or (4) the seventy All combinations of these varia- 
bles are possible with eithei a noimal or a high blood sugar content No 
insulin reactions have been observed without the coexistence of low cor- 
pusculai sugai The immediate reactions, that is, those in which 
symptoms appeal from one-half to two hours after the injection of 
insulin, aie due to the same cause as the delayed reactions, wherein the 
‘^vmptoms and signs do not appear until six hours or longer after the 
injection During the immediate reactions, there is a gieat disparity in 
the plasma and corpuscular sugai s The latter is always low, but the 
plasma or serum sugar is almost always high During the delayed reac- 
tions the sugar falls gradually and usually with equal velocity m both 
the plasma and the corpuscles The essential and common factoi is the 
low corpuscular sugai 

Immediate reactions have been observed only under the following 
conditions (1) in thin, undernourished patients, (2) in the presence 
of infections, (3) in coma, (4) after a single large dose of insulin and 
(5) aftei the last of a series of modeiate sized, but often repeated, doses 
of insulin Delayed reactions have occuired only when the patient has 
been veil nouiished, regardless of whether the dosage of insulin has 
been large oi small, single or repeated So far as my expeiience goes, 
the foregoing statements hold true for both childien and adults 

What is the difference which permits of eithei an immediate or 
delajed reaction? Proof is difficult or impossible to obtain, but I think 
chat the chief deciding factor is the presence oi absence of an adequate 
storage of glycogen in the liver, perhaps also in the muscles The 
nutritional state seems to be the only common factor possessed by 
the two groups of patients All of the immediate reactions and almost 
all of the se^ele reactions have occuired in patients under conditions in 
which it has long been knowm that the stores of glycogen m the body are 
near!} exhausted In these patients, wdien the sugar of the body is 
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depleted as a lesult of insulin, theie is insufficient glycogenolysis to pre- 
vent the furthei reduction of tissue sugai to the level at which s}mptoms 
begin to appear, hence an early oi immediate reaction In the well 
nourished patient, even after a laige dose of insulin, there is enough 
glycogen present m the body to furnish aiailable glucose foi a much 
longei peiiod of time, so that if a reaction occuis at all it may come 
many houis after the dose of insulin 

As neaily as I can judge, the first symptoms of insulin reactions 
occui red m these patients at about the time Avhen the cellular sugar was 
fiom 50 to 55 mg per hundied cubic centimeteis of blood During the 
height of the reaction the cellular sugai is usually lowei , the lowest 
cellulai sugai found was 20 mg This patient had a severe infection 
and had been in unintenupted coma for six days As the transition 
f 10111 Itypergtyceniia to hypoglycemia and back to hyperglycemia was 
accomplished without letuin of consciousness, no symptoms could be 
obtained 

METHOD 

The method of study employed is not difficult The usual procedure was 
to take a sample of venous blood from an arm, taking care to prevent prolonged 
venous stasis A sugar determination was made on the whole blood in the usual 
way The blood may be either oxalated or defibnnated The remainder of 
the blood was then centrifugalized at 1,500 revolutions a minute for fifteen 
minutes The total volume and the volume of packed cells were read and the 
percentage of cells in the whole blood calculated The supernatant serum or 
plasma was pipetted off and a sugar determination made on it The corpuscular 
glucose was calculated from the foregoing data by the formula 


Cell sugir per cent 


Whole blood sugar per cent — (serum sugar per cent by serum \ plume per cent) 

Cell volume per cent 


In this work, each sugar determination was made in quadruplicate by the 
method of Hagedorn and Jenson A specimen of blood was drawn before the 
administration of insulin and usually at one hour and two hours after it had 
been administered An attempt was made to get a specimen of blood at the onset 
of the leactions if any occurred 

This method of studying the effects of insulin on the distribution of glucose 
between plasma and erythrocytes in serial samples of blood from the same patient 
gives one a much more dynamic point of view of the utilization of carbohydrate 
in the patient than can be obtained by a study of the whole blood sugar alone 
Moreover, it is possible by this method to predict with a remarkable degree of 
accuracy whether a patient will or will not have an insulin reaction after any given 
dose of insulin In a veil nourished patient it maj not be possible to anticipate 
a delayed reaction, after a moderately large dose of insulin, but it is possible to 
predict all of the immediate reactions A remarkably wide difference between 
the plasma and corpuscular sugar concentrations occurring two hours or less after 
the injection of insulin is alwajs indicatne of an impending reaction The first 
three blood sugar values m the first case reported here demonstrate this well 
I have been able to predict the occurrence or nonoccurrence of reactions correctly 
in about ten cases All of the negative predictions are not included in this 
report (table 1) 
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author’s cases 

Case 1 — A colored woman, aged 42, had diabetes, tuberculous bronchopneu- 
monia and osteomyelitis of the proximal phalanx of the third digit of the right 
hand, with gangrene of the entire finger She had had the finger resected She 
had been in coma for six days On the day before the first sugar studies were 
made, the intern m charge had observed a strabismus of one eye This had 
not been present before, and it caused him to suspect the presence of an insulin 
reaction She had had only 20 units of insulin that morning It was decided 
to repeat the same dose the next day to determine whether a reaction would 
occui and if its appearance could be predicted The first specimen of blood 
was drawn at 3 p m, and 20 units of insulin were immediately injected sub- 
cutaneously One hour later, the corpuscular sugar was 0 178 per cent , two hours 
later, was 0 036 per cent, while the whole blood sugar was 0 197 per cent I 
predicted that a severe reaction would soon follow and advised giving intravenous 
dextrose This was not given, and the reaction occurred with strabismus 
as before The patient received a transfusion of 500 cc of whole blood 
The next morning, the blood sugar was 0036 per cent and the corpuscular 
sugar 0020 per cent, thus confirming the prediction of a real hypoglycemia 
Dextrose was then given intravenously, and the results are shown in the final 
figures of this series The changes are represented graphically in the chart 

Case 2 — A girl, aged 9, had severe diabetes and weighed 58 pounds (26 3 Kg ) 
She was receiving 25 units of insulin every morning and was having rather 
frequent mild insulin reactions, usually at about 11 a m On April 19, she 
received her customary 25 units of insulin The first specimen of blood was 
drawn before either insulin or breakfast had been given The second specimen, 
taken two and one quarter hours after the insulin, did not show cytoglycopenia 
It was predicted that there would be no reaction that day, none occurred On 
April 26, she was observed at 11 05 a m with a moderately severe reaction 
At that time, I made the following note “lying quitely, pulse 120, normal cardiac 
mechanism, will not answer questions, frequently has short, jerky, clonic spasms 
which seem to pass like a rapid wave all over the body No sweating, flushing 
or strabismus ” The blood specimen was drawn at 11 25 a m , a few minutes 
after recovery had begun The sugar content was low, but within normal 
limits, in both plasma and cells She had had 25 units of insulin at 8 a m In 
this instance, I was too late to record the cytoglycopenia However, on May 15, 
I observed the beginning of a moderately severe reaction At 10 30 she was 
shaking all over, crying, complaining of hunger and had a pulse rate of 126 
Blood was drawn immediately and showed a true hypoglycemia with a corpuscular 
sugar of 0 039 per cent She had had 25 units of insulin at 6 30 a m followed 
at 6 45 by a breakfast which contained 30 Gm of total available carbohydrate 
The reaction came four hours after the injection of insulin It was relieved in 
ten minutes by 50 cc of orange juice containing 5 Gm of cane sugar 

Case 3 — A robust, young woman, white, in an excellent nutritional condition, 
had been having frequent symptoms of a mild insulin reaction for several 
weeks, usually late in the mornings It had been her custom to take 25 units of 
insulin at 7 35 a m, and to take only a cup of black coffee for breakfast 
I brought her into the hospital for study and put her on the same routine which 
she had adopted at home On the first dajq two and three hour specimens of 
blood showed that the sugar values fell gradually and with equal velocity in 
both plasma and cells After analysis of the two hour specimen of blood, it 
was predicted that a reaction would not occur, and none did occur On the 
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next daj the same experiment was repeated The initial pre-insuhn specimen of 
blood contained much less sugar than that of the previous day The two hour 
specimen sho^\ ed a low normal in the Avhole blood, 0 083 per cent and 0 050 per 
cent in the erythrocjtes A delayed reaction was predicted, and it occurred at 
11 25, almost two hours after its approach had been recognized 



Curve showing severe hypoglycemia with recovery, A indicates the effect of 
20 units of insulin administered subcutaneously, B, cytoglycopenia without hypo- 
glycemia, two hours after the administration of insulin (a severe insulin reaction 
w as predicted and the administration of dextrose intravenously was advised) , 
C, complete hypoglycemia (the patient had been given a blood transfusion bu*^ 
dextrose had not been giv en) , D, dextrose given intravenously , E, recovery 
The patient remained comatose throughout the entire period 
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The lemaimng two cases are identical in a physiologic sense with 
case 3 and do not ment detailed description Each of them represents 
the occurrence of a delayed leaction which was correctly predicted in 
both instances 

TREATMENT 

Most of the patients with mild reactions do not lequire treatment 
Usually the sensations of tremulousness, weakness, hunger and thiist 
pass away during the couise of half an hour The promptness with 
which symptoms disappear after the ingestion of food leads me to 
believe that glycogenolysis is the essential cause I have seen a number 
of mild and moderately severe reactions dispelled within ten minutes 
by the ingestion of various foods, oiange juice, orange juice with a 
small amount of cane sugar, cane sugar alone, mashed potato, a slice of 
bread, a glass of milk, in fact almost any kind of food The relief of 
symptoms appeals so lapidly that it cannot be accounted for by the 
digestion and absorption of the foodstuffs It would seem that the pres- 
ence of food 111 the stomach m some way causes a release of glycogen 
as glucose into the blood stream and thence into the tissues If this is 
true, the injection of epinephrine should cause a prompt amelioration of 
symptoms I have tried it a few times and have found it efficient 
Of couise, if the deposits of glycogen are practically exhausted, one 
^.ould expect little improvement from the use of epinephrine In such 
an instance, the vacuum for sugar would have to be met by the intra- 
venous administiation of dextiose 

CONCLUSIONS 

The pievious studies of insulin reactions have not been fruitful, 
because the only method of analysis has been a study of the whole blood 
sugar 

The occuiience of insulin reactions bears no direct fundamental 
relation to the whole blood sugai concentration 

The fundamental cause of the symptoms and signs of insulin leac- 
tions IS believed to be a lack of available glucose throughout the tissue 
cells of the body 

The corpusculai glucose concentration may be accepted as an index 
of the glucose concentration in the cells of the fixed tissues 

A method is piesented which enables one to anticipate the occurrence 
of many of these reactions hours before the first s 3 TOptom appears 
Many impending reactions may be recognized early and completely 
pi evented by proper prophylactic tieatment 

This method is especially valuable for the study of patients who are 
in coma, for at that time the symptoms aie lacking and the physical 
signs may be obscured 



THE PROBLEM OF THE IRON RESERVE* 


AN EXPERIMENTAL STUDY 
CHARLES SPENCER WILLIAMSON, MD 

AND 

HAROLD N ETS, MS 

CHICAGO 

It IS generally acknowledged that iron in the tissues, particulaily in 
the liver and the spleen, acts as a reseive supply for the formation of 
hemoglobin, but definite experiments on changes in this iron reservoii 
are not readily available In 1895, Kunkel ^ reported some work on pup- 
pies which were bled and then placed on an iron-poor and iron-nch 
diet He found more iron m the tissue of the animals on the iron rich 
diet, but other dietaiy factors may have entered into his results 

In our previous work, we - have shown that ferric citrate given in 
the food and by subcutaneous injection does build up this iron reserve 
in the tissue, but that it has no effect on the rate of the formation of 
hemoglobin 

We have also noted that food iron is capable of being quickly and 
efficiently used in the formation of hemoglobin, an observation that is in 
agreement with the work of other investigators ® The next step was to 
determine to what extent, if any, food iron could be stored in the body 
in a utihzable form While there is abundant evidence that food iron 
IS readily utilized in the manufacture of hemoglobin, no satisfactory 
experiments are available to indicate whether or not the body may lay 
up a reserve supply of this food iron, thus having a certain amount on 
hand to use in case of a sudden demand foi the formation of hemoglobin 
or whether the body lives from hand to mouth, taking m only such 
quantities as suffice for its daily needs 

■"Read in abstrict before the Association of American Physicians, Atlantic 
Citj, New Jersej, May 3, 1927 

*rrom the Department of Medicine, University of Illinois College of Medicine 

1 Kunkel, A Pfluger’s Arch 61 595, 1895 

2 Williamson, C S , and Ets, H N Value of Iron in Anemia, Arch Int 
Iilcd 36 333 (Sept) 1925 

3 Gibson, R B , and Howard, C P Metabolic Studies in Pernicious 
Anemia, Arch Int l\Ied 32 1 (July) 1923 Robscheit-Robbins, F S , and 
W hippie, G W Am J Physiol 79 271, 1926 Murphy, W P , Monroe, R 1 , 
and Fitz, Reginald Changes of Composition of Blood in Pernicious Anemia, 
J A M A 88 1211 (April 16) 1927 Williamson, C S Influence of Age 
and Sex on Hemoglobin, Arch Int Med 18 505 (Oct ) 1916 
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METHODS 

When one gioup of six dogs was placed on a diet consisting of biead 
and milk and another gioup on a diet in which pait of the bread and 
milk was leidaced by beef spleen, we have noted that, although all the 
dogs maintained a noimal concentiation of hemoglobin, the dogs on 
the diet containing beef spleen had neaily twice as much non m then 
hveis and spleens as the dogs on the diet consisting of biead and milk 

To begin with, six noimal dogs were killed and then hveis and 
sjDleens analyzed with the lesult that the aveiage non content of the 
liver was found to be 27 3 mg and that of the spleen 118 6 mg pel 
hundred giams of tissue 

The concentiation of hemoglobin of six healthy dogs was detei mined, 
and then the animals weie placed on a diet containing, in addition to 

Tablc 1 — Obsovations of Dogs on Beef Spleen Diet 


Hemoglobin Coneontrntion Iron Anahscs 


Dog 

7/10/2r> 

10/7/25 

12/11/25 

Lher 

Spleen 

1 

122S 

1 103 

1 330 

55 4 mg 

170 5 mg 

2 

1 200 

1020 

« 

00 0 mg 

2S0 mg 

3 

1 310 

1280 

132C 

52 0 mg 

130 mg 

4 

1305 

1 034 


COG mg 

416 mg 

5 

1 248 

1 107 


41 2 mg 

412 mg 

G 

12-18 

1230 

1 330 

53 5 mg 

400 mg 

A.1 Cl igc 

1258 

1 102 

1 320 

GO 3 mg 

302 9 mg 


* Killed on Oct 7, 1025 



Table 2 — Changes in Aveiage lion Content 

VI Lweis and Spleens 


Li\ ers 

Spleens 

Normal dogs 

27 3 mg 

118 0 mg 

Dogs nftei about loui inonlbs’ spleen feeding 

GO 3 mg 

302 0 mg 


biead and milk, beef spleen in considei able amounts Table 1 shows 
the results 

As IS evident fiom table 2, the average non content of the hveis rose 
fiom 27 3 to 60 3 mg , and that of the spleens fiom 118 6 to 302 9 mg 

This expel iment shows merely that animals on bread and milk plus 
beef spleen stoie up moie iron m their livers and spleens than animals on 
bread and milk onl}'- 

In this expel iment, only a small number of animals was used and 
no demand was made for the formation of hemoglobin In older to 
investigate furthei the iron supply of the tissue, the following experi- 
ments were devised 

A large number of young rats was obtained and divided into two groups 
To insure uniformity, the litters were divided, so that half of the young were m 
each group One group w'as placed on the standard casein diet which was 
slightly modified so that its caloric and protein content w^as comparable to the 
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Table 3 — Hemoglobin Concentrations Expicssed as Extinction Coefficients 


I/iverPiet CiseinDiet 

A ——A 


Rat 

May 21 

Juh 1 

September 25 

Rat 

May 21 

Jill} 1 

September 

200 

0 795 

1 

203 

1177 

201 

0 853 

1076 

1283 

203 

0S40 

1 

ISO 

1 109 

202 

0 872 

1 166 

1008 

201 

0 851 

1 

091 

1025 

208 

0 836 

0 845 

0 970 

20C 

0 887 

0 

927 

1251 

209 

0 907 

1098 

1180 

207 

0 870 

1 

203 

1256 

210 

0 849 

0 949 

1185 

211 

0 800 

1 

160 

1180 

211 

0 915 

1180 

1008 

220 

0 806 

0 

990 

1163 

212 

0 893 

1098 

1185 

224 

0 831 

0 

981 

1 020 

217 

0 849 

1157 

1 277 

228 

0 911 

1 

183 

1 018 

218 

0 872 

0 797 

0 741 

230 

0 872 

1 

ISO 

1144 

219 

0 830 

1114 

1068 

231 

0 820 

1 

044 

1 060 

221 

0 905 

1 003 

1203 

233 

0 080 

0 

940 

1049 

222 

0 575 

1119 

1 049 

231 

0 778 

1 

177 

1233 

223 

0 809 

iiai 

1251 

23S 

1022 

1 

119 

1215 

225 

1 006 

1029 

0 788 

243 

0S&4 

1 

135 

0 997 

227 

0 729 

0 934 

1076 

247 

0 778 

0 

879 

1 168 

229 

0 931 

1185 

1157 

248 

0G9S 

1 

091 

1099 

232 

1 083 

0 942 

1 127 

240 

0 806 

1 

034 

1 221 

234 

0 843 

1078 

1 163 

210 

0 747 

1 

056 

1 032 

237 

0807 

1 083 

1 015 

231 

0 936 

1 

215 

1248 

239 

0 887 

1 044 

0 968 

211 

0 864 

1 

037 

1 023 

241 

0 947 

1015 

0 845 

237 

0 919 

1 

168 

1 191 

242 

0 804 

0 748 

0 970 

239 

0 895 

1 

034 

1 037 

244 

0 748 

1 146 

1220 

200 

0 957 

1 

093 

1 168 

245 

0 737 

1 033 

0 823 

263 

0 823 

1 

149 

1099 

246 

0 883 

0 999 

1368 

261 

0 834 

1 

146 

1 053 

212 

0 911 

1114 

1197 

266 

0 840 

1 

044 

1 119 

233 

0 962 

0 990 

1163 

269 

0 862 

1 

160 

1068 

254 

0 889 

1 119 

1044 

270 

0 735 

1 

0S3 

0 931 

216 

0 913 

1 135 

1263 

272 

0 810 

1 

157 

1 101 

258 

0 719 

1 040 

0 710 

273 

0 707 

1 

283 

1 146 

261 

0 758 

1 059 

1119 

274 

0 788 

1 

101 

1 109 

262 

0 823 

0 944 

1171 

271 

0 800 

1 

101 

1094 

265 

0883 

1 146 

1157 

277 

0 841 

1 

098 

1157 

267 

0853 

0 949 

0 737 

278 

0 911 

0 

874 

1180 

276 

0 741 

1 088 

1 119 

270 

0 833 

1 

083 

1 203 

282 

0 795 

0 845 

1 039 

281 

0 763 

1 

166 

1 006 

292 

0 807 

1109 

1300 

283 

1 022 

1 

127 

1 160 

294 

0 799 

1068 

1123 

200 

0 768 

1 

093 

1261 

293 

0 781 

0 7n 

0 973 

29'’ 

0 813 

1 

1 JO 

1209 

296 

0 774 

1 073 

1209 

297 

0 786 

1 

106 

1 203 

311 

0 671 

1066 

1125 

208 

0 891 

1 

103 

1025 

312 

0 732 

1041 

1270 

290 

0 810 

1 

078 

1 194 

313 

0 664 

0 917 

1004 

"01 

0 698 

1 

130 

1 088 

311 

0 583 

1 029 

1008 

302 

0 659 

1 

068 

1025 

316 

0580 

0 915 

1022 

SOI 

0 724 

1 

032 

1125 

317 

0 602 

1046 

1313 

01 

0 572 

1 

081 

1011 

318 

0 687 

0 929 

1006 

•lOO 

0 674 

1 

119 

1091 

320 

0636 

1 073 

1212 

308 

0 645 

1 

191 

1011 

322 

0 627 

1029 

1034 

309 

0 538 

1 

063 

1 114 

323 

0 698 

1 155 

1188 

310 

0 555 

1 

031 

1010 

324 

0 638 

0 977 

1174 

314 

0 661 

1 

066 

1 049 

326 

0 677 

1 135 

1251 

310 

0 011 

1 

049 

1 215 

327 

0 716 

1223 

1174 

321 

oon 

1 

032 

1 037 

328 

0 704 

0 999 

1 163 

323 

0 713 

1 

031 

loss 

332 

0 559 

1049 

0 831 

320 

0 768 

1 

049 

0 949 

333 

0 612 

1020 

0 816 

330 

0 388 

1 

oil 

1 044 

336 

0 547 

1093 

1203 

331 

0 741 

1 

130 

1099 

338 

0 510 

0 929 

1082 

>34 

0 536 

1 

163 

1133 

340 

0 548 

0 901 

1277 

333 

0 494 

1 

061 

loss 

342 

0 521 

0 912 

1039 

337 

0 378 

1 

152 

1091 

344 

0 656 

0 993 

1053 

339 

0 521 

1 

096 

1 071 

345 

0 556 

1194 

1038 

"41 

0 507 

n 

93S 

1033 



343 

0 497 

1 

119 

1141 

Avenge 

0 766 

1 033 

1091 

\\ontc 

0 770 

1 

092 

1 110 






experimental diet This experimental diet was based on the standard casein 
diet, but derned its protein from dried beef liver (instead of casein) Both 
these diets t\ere adequate in all respects, as ue observed from charts show Jig 
the growth curve and from the successful rearing of the young 

The hemoglobin i\as determined on these rats just before they were placed 
on the diets, and then at intermediate times after they had been on the diets 
up to four months 
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TAnir:4 — hon Content of Otgans Bcfoic Bleeding 



Casein Diet 

Liicr Diet 

Lir ers 

It 2 mg 

22 2 mg 

Spleen 

21 3 mg 

j 1 2 mg 


Tabic 5 — Results of Dctci minatwns of Hemoglobin Aflei Bleeding 


OiiKiniil LucrDlct Group Oiiginnl Casein Diet Group 

. . ] A 




Sl\ 


tlXientj 



&l\ 


'l\ieiit\ 


Before 

Dajs 

Fourteen 

Fight 


Before 

DajS 

Fourteen 

Eight 


Bleeding 

After 

Days 

Dnjs 


Bleeding 

\fter 

Days 

Days 

Rat 

Sept 25 

Bleeding 

After 

Alter 

Rat 

Sept 25 

Bleeding 

After 

liter 

im 

1 177 

0 923 

0 693 

0809 

200 

1 160 

0 930 

0 975 

0 957 

203 

1 109 

0800 

0 919 

OSCG 

211 

1 008 

ora 

0 834 

0 917 

201 

1 025 

0 903 

0 913 

0 843 

218 

0 741 

0 580 

0 010 

0 187 

200 

1 201 

1 197 

1 181 

1 114 

219 

1 008 

0 792 

0 014 

0 735 

21') 

1 180 

0 780 

0 947 

1 073 

221 

1 203 

0 007 

0 591 

0 (07 

220 

1 10.1 

0907 

1 004 

1 004 

223 

1251 

ocso 

0 792 

0 831 

228 

lOlS 

0<)95 

1 OGS 

1070 

2r) 

0 788 

0 810 

0 018 

0 599 

230 

1144 

0 999 

0 911 

0 919 

227 

1 070 

0 707 

0 723 

0 553 

231 

lOCG 

0 919 

1 083 

1 111 

229 

1157 

0 745 

0 032 

0 007 

238 

1215 

0 934 

0 800 

0 850 

232 

1127 

0 071 

0 85.3 

0 900 

247 

lies 

1034 

1 135 

1 144 

234 

1 163 

OSSO 

0 829 

9 695 

249 

I 221 

0 9&3 

0 907 

0 954 

239 

0908 

0 702 

0 671 

0 740 

250 

1 032 

0 827 

1 040 

1 133 

241 

0 845 

0 507 

0 018 

0 583 

251 

12!S 

09GC 

0 9S1 

1146 

242 

0 970 

0 883 

0 823 

0 733 


1 025 

0 940 

1 lit 

1071 

244 

1220 

0 944 

0 825 

0 919 

257 

1 101 

1 058 

OSSO 

0 891 

245 

0 823 

0 947 

0 881 

0 753 

25') 

1037 

0 983 

1 020 

1 029 

240 

1 SOS 

0 807 

0 010 

0 538 

200 

1 ICS 

0 834 

1 004 

1 027 

254 

1 014 

0 708 

0 059 

0 718 

204 

1 053 

0 835 

1 029 

0C07 

250 

3 23() 

0 823 

0 074 

0 015 

200 

1 110 

0 992 

1144 

1 011 

2C2 

1 171 

0 071 

0 010 

0 654 

200 

IOCS 

0 915 

1039 

1001 

2C5 

1 157 

0 738 

0 002 

0 542 

272 

1101 

0 823 

0 934 

1 041 

207 

0 737 

0 029 

0 792 

0 575 

273 

1140 

1039 

1227 

1293 

282 

1 039 

0 578 

0 098 

0 6.31 

274 

IlOO 

0 915 

1013 

0 955 

292 

1 300 

0 735 

0 949 

3 05S 

275 

1091 

0 9SS 

1008 

1 103 

294 

1 125 

0 905 

0 979 

0 942 

277 

1 157 

0 940 

1 0S3 

1 053 

290 

1 209 

0988 

0S13 

0 090 

270 

1203 

0 979 

lilt 

1 103 

312 

1270 

0 030 

0 755 

0 709 

281 

1000 

0 940 

1 on 

0 858 

315 

1 125 

0 779 

OCSi 

0 020 

200 

1 201 

0 953 

105S 

1 033 

317 

1 313 

0 907 

0 887 

0 887 

29S 

1025 

1 020 

1 040 

0 701 

322 

1 034 

0 489 

0 014 

0 774 

299 

1194 

1 lie 

1 290 

1209 

323 

1 118 

0 741 

0 825 

0 870 

301 

loss 

0 997 

1 029 

1 068 

327 

1 174 

ocin 

0 047 

0 092 

302 

1025 

1041 

1050 

1133 

32S 

1103 

0 042 

0 523 

0 548 

305 

1011 

1 016 

0 799 

1037 

333 

0 810 

0 814 

0 813 

0 702 

30C 

1091 

0 942 

1058 

1 152 

33() 

1 203 

0 795 

0090 

0 902 

SOS 

1051 

0 925 

1034 

1197 

338 

10S2 

oon 

0 582 

0 092 

309 

1114 

0 813 

1 100 

0 953 

340 

1 277 

0 083 

0 712 

0 759 

310 

1010 

0 755 

0 781 

0 981 

342 

1 019 

0 005 

0 708 

0 719 

314 

1049 

1015 

0 979 

0 9GC 

341 

1 125 

0 800 

0 577 

0 973 

321 

1037 

0 780 

0 827 

0802 

345 

1 05S 

0 4.83 

0 732 

0 799 

325 

loss 

0 732 

0 734 

0 98:5 






320 

0 949 

0 098 

0 845 

0 981 

A\ Cl age 

1 090 

0 715 

0 732 

0 735 

a30 

1041 

0 919 

1 017 

1303 




331 

1099 

0 910 

0990 

1 188 






335 

loss 

0 797 

0 983 

1098 






337 

1091 

0 755 

0809 

0 972 






339 

1071 

OSSO 

0 905 

0 940 






341 

1133 

1037 

0 921 

1053 






343 

1141 

0 944 

1122 

12S3 






Vieinge 

I 104 

0 927 

1 005 

1 033 







Twenty oi the animals were then killed, and determinations of the iron made 
on their livers and spleens 

The remaining rats were next bled 25 per cent of their blood volume, and 
then both groups were placed on the original standard casein diet Determinations 
of the hemoglobin were then made on the sixth, fourteenth and twenty-eighth 
days after bleeding, and the results are recorded in table 5 





672 


ARCHIVES OF INTERNAL MEDICINE 


At tins time, twent} -eight days after bleeding, another twentj rats from eacli 
group were killed, and determinations of the iron made on their livers and 
spleens 

The rats that had been on the modified casein diet during the prebleedmg 
period were placed on the liver diet about fifty daj’^s after bleeding, and determina- 
tions of the hemoglobin were made just before they were placed on the new diet, 
and after they had been on the diet for twenty-four days 

These animals were then killed and determinations of the non were made on 
their livers and spleens 

The determinations of hemoglobin were made by the spectrophotometnc 
method, as guen in a previous publication^ Tins method is of great value 


Tablf 6 — Iio)i Content of Oigans of Rats Tzvcnty-Eight Days Aftc) Bleeding 


Liver 

Spleen 

Casein Diet 

9 9 mg 

14 1 mg 

Liver Diet 

13 3 mg 

29 5 mg 

T \BLE 7 

— Detei initiations of the lion in Rais Befot 
Placed on Lxvei Diet 

e and Aftci Being 


Before Being Placed 

After Tiventy Four Days 


on Liver Diet, 

on Lner Diet, 

Rat 

Hemoglobin Concentration 

Hemoglobin Concentration 

—322 

0 832 

1127 

—225 

0 67S 

1144 

—223 

0 735 

1068 

317 

0 806 

0 818 

2G2 

0 7a 

1091 

312 

0S23 

1127 

32S 

1016 

1125 

330 

0 751 

1 032 

327 

0 959 

1168 

83S 

0 751 

1163 

205 

0 578 

1197 

315 

0 680 

1025 

239 

0 732 

1125 

311 

0 860 

1126 

232 

0 693 

1071 

Ai cr ige 

0 780 

1093 


because of the small amount of blood required, the high degree of accuracy 
attained, since there are no standards to deteriorate, and, as in this case, in 
which onh comparative values are wanted, its independence of errors m calibra- 
tion Tlie 1 allies gnen in the tables are the average of four readings, and are 
expressed in terms of extinction coefficients, a factor which varies directly with 
the concentration of hemoglobin The determinations of iron ivere made by the 
method of Ripper-Sclnvarrer 

RESULTS 

Table 1 shows that the concentration of hemoglobin of the dogs on 
the tw o diets is about the same, and table 2 shows that the dogs on the 
diet containing beef spleen have much moie iron in then livers and 
spleens than the dogs on the bread and milk diet 

4 Williamson, C S Influence of Age and Sex on Hemoglobin, Arch Int 
Med 18 505 (Oct ) 1916 
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The expel iments with rats show that the concentration of hemoglobin 
was appioximately the same in both groups of animals in the piebleedmg 
peiiod (table 3) However, the iron content of the liver and spleen 
IS much highei in the animals on the livei diet than in the animals on the 
casein diet (table 4) 

The rate of legeneration of hemoglobin is diffeient in the tvo 
gioups of lats aftei bleeding The rats that weie on the modified casein 
diet show no legeneration of hemoglobin, while those on the liver diet 
show a giadual i egenei ation, coming back iieail} to normal in twenty- 


Tablc 8 — Dctcimmations of lion in Liver and Spleen 



Casein Diet 

Casein Diet 


(Before Liver Feeding) 

(After Liver Feeding) 

Liver 

0 0 mg 

14 G tug 

Spleen 

n 1 mg 

23 8 mg 

Table 9 — Siiinmaiy of Investigation 


Bcfoie Bleeding 

Liver Diet 

Casein Diet 

Hemoglobin concentration 

0 770 

0 7CG 

Mg of iron per 100 Gm liver 

22 2 

14 2 

Mg of iron per 100 Gm spleen 

512 

21 3 

After Bleeding (Changed to Standard Casein Diet) 


G days after bleeding, hemoglobin concentration 

0 927 

0 745 

14 dajs after bleeding, 1 cmoglobin concentration 

1005 

0 732 

28 dajs after bleeding, hemoglobin concentration 

1 033 

0 735 

Mg of iron per 100 Gm liver 

13 3 

99 

Mg of non per 100 Gm spleen 

29 5 

11 1 

Loss, mg of iron per 100 Gm liver 

89 

43 

Loss, mg of non per 100 Gm spleen 

217 

72 

Change of Group on Casein Diet to 

Liver Diet 


Hemoglobin concentration at beginning 

0 780 


Hemoglobin concentration twentj four dajs later 

1093 


Mg of iron per 100 Gm liver 

14 6 


Mg of iron per 100 Gra spleen 

L3 8 



eight days Most of this i egenei ation occuired m the fiist six days, 
demonstrating that the stoied up leseive non is, m a foim, capable of 
being lapidly utilized (table 5) 

A compaiison of tables 4 and 6 shows that, after bleeding, the livers 
of the gioup on the liver diet gave up moie than twice as much iron 
as the liveis of the group on the casein diet, while the spleens in the 
foiniei group gave up thiee times as much non as the spleens of the 
lattei gioup 

In table 7 it is seen that the rats on the modified casein diet, which 
showed no regenei ation of hemoglobin after bleeding, gradually came 
back when they were placed on the liver diet, and table 8 shows that the 
non in then Iiveis and spleens had also letmned to normal figures 
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COMMENT 

This investigation may be divided into three parts Foi convenience, 
w e have summarized our results in table 9 

In the first part of the investigation, m which the animals were on 
the two different diets, storage of iron was made in the tissues of the 
gioup on the liver diet, as is evident fiom a compaiison of the amount 
of non in the liver and spleen of the two groups of animals, there being 
141 per cent more iron in the spleens and 57 pei cent moie non in the 
livers of the rats on the hvei diet than m those on the casein diet The 
concentration of hemoglobin remained about the same, since theie was 
enough iron in the casein diet to replace the noimal amount of destruc- 
tion of hemoglobin 

In the second part of the investigation, the animals weie placed on 
the same diet so that any differences which resulted from the strain 
placed on their hemoglobin foiming function would be due to their 
previous tieatment After bleeding, the rats which were on the casein 
diet during the first period showed practically no regeneration of hemo- 
globin Howevei, the rats which had been on the liver diet duiing the 
pre-bleeding period showed entiiely diffeient lesults Even as eaily as 
the sixth day after bleeding, their hemoglobin was 20 per cent above that 
of the group on the casein diet, and on the fouiteenth and twenty-eighth 
days this legeneiation was much more marked On the latter date, the 
rats on the liver diet were back nearly to normal 

Looking at the results of the determinations of non in another way, 
ue may say that the hveis of the group on the hvei diet gave up 8 9 mg 
of non pel hundred grams of organ, as compared to 4 3 mg in the group 
on the casein diet In the same way, the spleens of the group on the 
liver diet gave up 21 7 mg pei hundred grams of oigan weight as com- 
pared with 7 2 mg in the casein gioup Since the weight of the liver 
averages about eight times that of the spleen, it will be seen that the hvei 
IS the moie important factoi Furthei inspection of table 9 shows that 
the livers in the group on the liver diet, even at the end of the expeii- 
ment, contained about one-third more iron than the livers of the group 
on the casein diet, so that this fact will make it piobable that theie was 
still more non m these livers capable of being utilized in the formation 
of hemoglobin if the experiment had been continued sufficiently long 

The difference in the lecover} of the two groups after bleeding can 
be interpreted only as the result of the building up of a leseivoir of 
utilizable iron m the tissues, which can be readily transformed into 
hemoglobin when a strain is placed on the hemopoietic organs Although 
the rats on the liver diet did not regenerate their hemoglobin to the full 
pre-bleeding figure, yet the results are decisive and clear cut It is of 
course possible, perhaps even probable, that a longer continued peiiod 
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of obsei vation \\ ould have shown a complete i eco\ ery, and that a longei 
peiiod of Iner feeding might have lesulted m a still greater stoiage of 
iron, so that our figuies must be interpieted as applying only to our con- 
ditions of expel iment 

In the third part of the experiment, the rats on the casein diet which 
had been on the standaid casein diet foi fifty days aftei bleeding 
and which had shown practically no tendency to regenerate hemoglobin 
were placed on the liver diet After only twenty-four days, these rats 
had legenerated sufficient hemoglobin to bung their concentiation of 
hemoglobin back to noimal, and at the same time to deposit 4 7 mg of 
lion m their livers, and 9 7 mg of non in their spleen, both reckoned 
per hundred grams of tissue, this deposit of iron bringing the organs 
back again to piactically normal figuies 

This part of the expei iment indicates cleaily that even when the 
animals have no reseive of iron m then tissues they will still manufac- 
ture hemoglobin fiom their food, if it is sufficiently rich in iron, and 
will also deposit iron in significant quantities m then livers and spleens 

CONCLUSIONS 

1 A leseivoii of leadil}'- utihzable iron can be built up in the hveis 
and spleens of lats by placing them on a diet containing liver 

2 This stoied non is capable of being used in the regeneiation of 
hemoglobin after the production of an anemia by bleeding 

3 Rats lendeied anemic by bleeding, the iron leserve of which has 
been exhausted, ieco\ei their concentiation of hemoglobin rapidlv on 
being placed on a diet containing liver, and simultaneously build up a 
reseive of non in then livers and spleens 
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REPORT or A CASE REFRACTOR\ TO INSULIN ' 

BERTRAND Y GLASSBERG, MD 
MICHAEL SOMOGYI, MD 

AND 

ALBERT E TAUSSIG, MD 

ST LOLIS 

One of the striking features of the insulin treatment foi diabetes 
melhtus is the uniformity with which even the most severe forms 
respond to the injections of insulin From time to time, however, cases 
have been reported that seem relatively refractory to insulin Some of 
them are more refractory than others, but none of them compare, in 
this respect, with a case we recently observed 

Charlton ^ reported a patient with severe diabetes who, on a restricted 
diet, did not respond to 102 units of insulin The patient was syphilitic, 
and after a course of antis} philitic treatment responded readily to injec- 
tions of insulin 

IMahler and Pasterny - leported a case of diabetes melhtus in which 
a hypoph) sial tumor was present Sixty units of insulin produced prac- 
tical!} no effect on blood sugar or glycosuria but did produce a marked 
h} dremia 

Charles and Clarac ^ observ'-ed a case of diabetes showing a blood 
sugar of 326 mg per cent and a daily output of 250 Gm of sugar, 
marked acidosis was present The daily injection of 60 units of French 
insulin modified neither the hyperglycemia, the glycosuria nor the 
ketonuria The patient nevertheless improved and gained 8 Kg 

A case that aroused much interest in Viennese medical circles was 
reported about three } ears ago from Falta’s clinic ^ An obese young 
man persented a typical severe diabetes, with acidosis A rigid diet 
reduced the h} pergl) cemia and the glycosuria a little, but practically 
no effect could be noted from injections of insulin up to 160 units 
daily Even when the patient was placed on a fasting diet, 20 units of 

""From the Medical Service of the Jewish Hospital of St Louis 

1 Charlton, P H Diabetes Refractor}’- to Insulin Relieved by Anti- 
svphihtic Treatment, Endocrinology 8 235 (March) 1924 

2 klahler, P , and Pasternj , K Clinical Observations on Insulin Action 
111 Diabetes Melhtus, Ivied Klin 20 337 (March 16) 1924 

3 Charles and Clarac Two Cases of Diabetes Treated with Insulin, J de 
nicd de Bordeaux 102 384 (^lay 10) 1925 

4 Falta W On an Insulin Refractorv Case of Diabetes Melhtus, Klin 
Wclinschr 3 1315 (Juh) 1924 Radoslav, C S The Action of Insulin on the 
Blood Sugar of Zvlan, Wien Arch f inn i^Ied 8 395 (July) 1924 
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insulin given subcutancousl}’’ did not produce any effect on the blood 
sugai and, when it was given intravenousl}'’, the effect was minimal and 
of brief duiation 

In his discussion of the case, Falta suggested that this patient may 
not have had a pancieatic diabetes at all but that, with a noimal produc- 
tion of insulin on the pait of the oiganism, the distuibance ma}'’ have 
been elsewhere Thiee months later, Bosch ° lecoided the fuithei 
piogiess of the patient He had been taken off insulin and put on a iigid 
Petreii diet, consisting exclusively of 5 pei cent vegetables with fiom 
200 to 250 Gm of fat The daily output of sugai in the mine fell fiom 
30 4 to 1 5 Gm , occasionally, the urine was fiee from sugai The blood 
sugai fell to 0 16 per cent, and the patient was subjectively impioved 

A similai case was lecently lepoited by Kaufmann,*’ biiefly and with- 
out detail, incidentally to a discussion of methods of deteimination of 


Tablc 1 — Blood Sugai in Mg Pci Cent in Folia’s Case 


Twenty Units Injected 

Subcutaneously 

Intravenously 

Blood 

Sugar Before 
Injection 

252 

250 


Blood Sugar After Injection 


IHr 

255 

113 

2Hrs 

258 

251 

3 Hrs 

2G1 

268 

4 Hrs 

250 

303 

5 Hrs 

252 


Tabu. 2 — Kaufmann’s 

Case 




Units of insulin injected 


20 

so 

50 

100 

100 

Blood sugar before Injection 


322 

375 

324 

2m 

274 

Blood sugar one hour after 

iniection 


318 

341 

2S0 

204 

Blood sugar tvo hours after injection 

322 

SIC 

255 

213 

154 


blood sugar Table 2 illustiates this patient’s lack of i espouse to mod- 
erate doses of insulin and hei lelatively slight response to large doses 
The insulin was injected subcutaneously while the patient was fasting, 
the blood sugai is in mg per cent 

Othei cases of diabetes mellitus moie oi less lefiactoiy to insulin 
have been repoited, usually without much detail, by Matthes,' von 
Nooiden and Isaac,® Jaksch-Waitenhoist,® Strauss,^® Umbei and 

5 Bosch, E On an Insulin Refractory Case of Diabetes Mellitus, Klin 
Wchnschr 3 1861 (Oct) 1924 

6 Kaufmann, E Rapid Tilicro-Determination of Blood Sugar, jMed Klin 
22 1219 (Aug 6) 1926 

7 Matthes Concerning Insulin, Deutsche med Wchnschr 50 487 (April 18) 
1924 

8 Von Noorden, C, and Isaac S Further Experiences Concerning Insulin 
Treatment of Diabetes, Khn Wchnschr 3 720 (April 22) 1924 

9 Jaksch-Wartenhorst, R Insulin and Diabetes, Zentralbl f inn Med 
45 2 (Jan 12) 1924 

10 Strauss H Concerning Tnsulm-Resistant Diabetes, Khn Wchnschr 
4 491 (March 12) 1925 
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Rosenberg and Keller In some but not all of the patients, the 
diabetes was complicated by dysfunction of the thyioid and pituitaiy 
glands None of them weie even approximately as refractory to insulin 
as the following case lecently observed in the medical seivice of the 
Jewish Hospital of St Louis 

REPORT OF CASE 

j\I ^V , a joung uninarned woman, had never been ill until late in 1922 
Then thirst and pob uria with progressive loss of weight and strength set in, and 
when first seen in March, 1923, she was found to have a mild diabetes She was 
tasib made sugar free and on a diet consisting of protein, 75, fat, 110, carboh} drate, 
75, remained so for more than two 3'ears She then became careless about her 
diet and when she returned in December, 1925, was found to have a more 
obstinate glj'cosuna with a fasting blood sugar of 198 mg per cent She spent 
ten days in the Jew'ish Hospital and was discharged, sugar free, on a diet of 
protein, 54, fat, 120, and carbohydrate, 84, with 8 units of insulin twice daily 

She was readmitted four weeks later, on account of sensitization to insulin 
in a somew'hat unusual form From five to seven hours after the administration 
of insulin, a large area of induration appeared at the site of injection, reaching 
a diameter of 10 cm in from tw'elve to fifteen hours , the area was hot, angry 
and tender for twelve hours more and then gradually faded The reaction was 
identical with several brands of insulin The addition of epinephrine to the 
insulin or its subsequent injection into the indurated area did not alter the 
reaction The lower down m the body the injections were made, the more 
Molent was the reaction, the latter alwaj^s remained strictly confined to the site 
of the injection, there was no urticaria, angioneurotic edema or asthma The 
icactions w'ere just as severe with beef insulin as with the usual pork insulin, 
and were therefore to be ascribed to the insulin itself, not to the protein con- 
tamination The patient was urged to continue the use of insulin in spite of the 
discomfort and gradually desensitization took place, the reactions ceased to 
occur 

For several months the patient remained sugar free on protein, 54, fat, 120 
and carboln drate, 110, with 30 units of insulin twice daily In June, 1926, 
however, it was found necessary to reduce the carbohydrate to 60 Gm and to 
increase the dailv dose of insulin to 70 units She then remained sugar free 
until September 1, when she found herself unable to control the glycosuria, m 
spite of an increase in the insulin dosage to 150 units daily 

She was readmitted to the Jewish Hospital, Sept 10, 1926, with considerable 
glvcosuria and acidosis and a fasting blood sugar of 362 mg per cent She was 
put on a diet consisting of protein, 30, fat, 120 and carbohydrate, 30, with 60 
units of insulin The excess of fat was evidently an error, for she promptlv 
went into coma, accompanied by restlessness, semiconsciousness and a rapid, 
thrcad> pulse, the urine contained much sugar, diacetic acid, albumin and casts 
Under a regimen consisting of large doses of insulin with glucose given intra- 
venouslv, digifohn and hvpodermoclvsis, recovery was prompt Thereafter, the 
fat in the diet was kept low, but in spite of large doses of insulin it was not 

11 Umber F and Rosenberg, M Concerning Insulin Refractorv Gbco- 
siirias, Klin Wchnschr 4 583 (iMarch 26) 1925 

12 Keller, F A Case of Diabetes Mellitus Refractory to Insulin, Wien 
kill! W chnschr 39 1396 (Nov 25) 1926 
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found possible to keep the patient sugar free for more than an hour or two 
at a time It is interesting to note that occasionallj^ after largo doses of insulin, 
she still had an urticarial reaction but that this W'as now' generalised instead of 
being confined to the site of injection, as had occurred at first 

Her lack of response to insulin at this time is well illustrated in table 3 On 
three successive days the patient received 50, 200 and 300 units of insulin, intra- 
venously, she w'as fasting and was not receiving any food during the progress of 
the experiment 

The blood sugar w'as determined by the Shaffer-Hartmann micromethod , 

0 1 or 0 2 cc of blood, allowed to flow freeb' from the finger tip or the lobe of 
the ear, was used for each determination It is clear from the table that 50 units 

1ai!li 3 — Influence on the Blood Sngai of Insulin Injectid Inti avcnouslv ll'Iule 

the Patient 7vas Fasting 


Bcloie injection 

One half hour after injection 

One hour after injection 

Tno hours after injection 

Three hours after injection 

Tour hours after injection 

Maximum fall m blood sugar 

\\oragc urine in sugar in Gm per hour 


Blood Sugai in Mg Per Cent 

-- - 

rnsulin In^-ulin 
Incuhn 50 Units 200 Units SOO Units 


!llt 14 

Sept 15 

Oct 5 

Sept 15 

Sept IG 

oyi 

508 

412 

533 

300 

570 

721 

308 

500 

282 

")15 

768 

27C 

434 

240 



230 

350 

148 

532 

533 

252 


S2 





150 

4S 

(1 

173 

177 

218 


7 


8 

0 3 


Tabll 4 — Coinpat alive Effect on the Blood Sugai of 50 Units of Insulin Gwen 
to the Fasting Patient Intiavenously and Subcutaneously 


Subcutaneous injection 
Intravenous injection 


Blood Sugar in Mg Per Cent 

A 

Time After Injection 


Before , ^ 1 , lot il Fall of 


Injection 

VcHr 

IHr 

2 Hrs 

3 Hrs 

Blood Sugar 

208 

334 

31 G 

304 

200 

2 

500 

534 

535 


130 

Cl 


of insulin did not produce any effect on the blood sugar, 200 units a slight effect, 
while even the enormous dose of 300 units did not result in any hypoglycemia 
and required three hours to reduce the blood sugar to the normal level During 
these four days, the patient show'cd only a slight acidosis and felt well 

As It had been suggested that insulin might be more effective w’hen given 
subcutaneously than wdien given intravenously, the former method was also tried 
Each of three days w'as begun by injecting 50 units subcutaneously and following 
the blood sugar through three hours before giving any food Table 4 show's the 
comparatne effect of 50 units gnen intravenously and subcutaneoush Each 
scties IS the average of three such tests 

The comparison in table 4 is perhaps not fair, as the subcutaneous doses 
happened to be given ^^hlle the blood sugar level was low'er than uhen the 
intiavenous doses were given The greater effectueness of the intravenous 
method IS clear, how'ever 


13 SomogM, M Notes on Sugar Determination J Biol Chem 70 607,1926 
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In an attempt to increase the response of the patient to insulin, it seemed 
•worth while to try the effect of parathyroid extract Winter and Smith,” in 
1923, had shown that wdien insulin and parathyroid extract were injected simul- 
taneously into fasting rabbits, hypoglycemic convulsions ensued in a much 
shorter period than after plain insulin and with only from one third to one 
fourth of the usual dose of the latter Forrest” even published reports of the 
blood sugar curves of five diabetic patients who, while fasting, received insulin 
subcutaneouslj and parathjroid tablets by mouth The average fall in the 
blood sugar when 15 or 20 units of insulin alone was given was 163 mg per 
cent, after the administration of insulin plus from 4 to 12 parathyroid tablets, it 
was 239 mg per cent, nearly half as much again Cammidge and Howard” 
found that the hydrolysis of sugar by liver extract in vitro is retarded by 
insulin, and that this retardation is greatly increased when parathyroid extract 
is also added In our patient, parathyroid extract did not seem to be without 
effect On successue days, she was given 50 units of insulin subcutaneously, 
w ith the addition of increasing amounts of parathyroid extract She had fasted 
more than twehe hours before the injection, and did not receive any food 
during the period of observation 

Tablf 5 — Effect on Blood Sugai of Injecting 50 Units of Insulin Hypodermically, 
If Iiilc Patient zvas Fasting, Togctlici zvith Vaiying Amounts of 
Paiathyi Old Hoimone 


50 Units Insulin Plus Parathyroid Extract 

A 



^one 

1 Cc 

2 Cc 

3 Cc 


Mg 

Mg 

Mg 

Mg 


Per Cent 

Per Cent 

Per Cent 

Per Cent 

Before injection 

314 

304 

318 

289 

One li lit hour after injection 

310 

314 

373 

283 

One hour after injection 

315 

297 

354 

259 

'IWo hours after injection 

280 

292 

314 

227 

Three hours after injection 

281 

2S-1 

271 

169 

Sfaxiinum fall m blood sugar 

36 

SO 

10-2 

120 


An instructue example of the patient’s behavior tow'ard insulin is seen in 
the blood sugar during and after a day of profound acidosis On October 15, an 
attempt was made to see how the patient would react to a low^ calory diet wnthout 
insulin On that day she w'as gi\en a total of protein, 15, fat, 18 and carbohy- 
drate 32 (357 calories) dnided into three meals The following mornig she 
was found in a precomatose state with the usual symptoms During that day, 
she receued 900 units of insulin, wdiich did not produce any perceptible effect on 
the blood sugar, and it was not until the next day, when an additional 265 units 
of insulin was gnen, that the condition of profound acidosis cleared up On 
the third da%, howe%er, before anv more insulin had been given— indeed fifteen 
hours after the last dose — the fasting blood sugar w'as only 60 mg per cent It 
remained low all that daj, and there was a little sw'eating suggestive of hjpo- 
ghcemia On the fourth daj, the fasting blood sugar was only 58 mg per cent, 
at noon, it rose to 390 mg per cent and remained high thereafter 


14 Winter, L B, and Smith, W^ Possible Relation Between Pancreas and 
Paratlwroids, J Plwsiol 58 108 (Oct) 1923 

15 Forrest, W D The Effect of Parathyroid on the Blood Sugar Curve 
•\fter Insulin, Brit M J 2 916 (Nov 17) 1923 

16 Cammidge, P J, and Howard, HAH Influence of Insulin upon the 
\cti\ih of the Diastatic Ferment of the Liver, J Metabol Res 5 95 (Jan, 
Feb March) 1924 
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Tins observation indicates clearly that, in this patient at least, the insuhn is 
not rapidly excreted, as is generallj supposed, but must have circulated in the 
blood, unaltered for many hours It is also in harmonj with the hypothesis that, 
in this case, the hyperglycemia was due to the lack of some associated glycolytic 
ferment If the latter is supposed to have been absent, or nearly so, during the 
first tw'o days, and then to have been produced again in a more nearly adequate 
amount, the drop in blood sugar can be readily explained 

The response of the patient to insulin \aried greatly from day to day but was 
always less than m cases of ordinary diabetes The total carbohy^drate utilized 
per unit of insulin injected rarely rose above 0 7 Gm , sometimes fell below 
0 3 Gm and averaged 0 53 Gm On the whole, as is usually' the case in diabetes, 
the effectiveness of the insulin per unit varied inversely wuth the quantity used 


Tabll 6 — Effect of Insulin Dining Pciiod of Acidosis, All Insulin 

Gwen Subcutaneously 







Food 



Blood Sugar 






A 


Insulin 

5Ig 


D Uc 

Hour 

p 

F 

C 

Units 

Per Cent Comment 

Oct 

15 

8 00 a 

m 

0 

0 

10 






12 00 a 

in 

4 

0 

12 






5 00 p 

m 

*) 

G 

10 




Oct 

16 

0 00 a 

m 




50 

460 

Nausea and vomiting 



10 00 a 

m 

* 




558 

Kussmaul breathing 



10 30 -i 

ni 





510 




11 30 a 

m 





514 




1 00 p 

m 




50 

570 

No improvement 



1 to p 

m 




200 


No improvement 



4 00 p 

in 




200 


Digifolin, lijpodermoclysis 



4 20 p 

m 





014 

Almost pulseless, v'omiting 



0 00 p 

m 




2D0 


Digifolin, no improvement 



9 00 p 

m 




200 


No improvement 

Oct 

17 

1 00 a 

lU 






Hypodermocljsis 



8 00 1 

in 




200 





12 00 a 

in 

20 

29 

19 

63 


Feels much better 



5 00 p 

m 

15 

32 

25 

G5 


Bright and cheerful 

Oct 

18 

8 00 a 

m 

14 

29 

25 

65 

GO 

Light sweat 



12 00 a 

in 

10 

32 

22 

65 

88 




5 00 p 

in 

10 

28 

23 

65 

00 

Light sweat 

Oct 

19 

7 00 a 

m 




50 

58 

Sweating 



8 OO a 

ni 

11 

29 

21 






12 00 p 

m 





390 

Feels well 


The patient remained under observation at the Jewush Hospital from September 
10 to Dec 4, 1926 During all of this time she was on a varying but greatly 
restricted diet, the maximum intake on any one day being protein, 75 Gm , fat, 
150 Gm and carbohydrate, 100 Gm While her response to insulin varied 
soniew'hat, she constantly required unusually large doses of insulin, not to keep 
her urine sugar free, for that w'as possible for only a few' hours at a time, but 
to keep her reasonably comfortable Every attempt to reduce the dose of insulin 
was promptly followed by an alarming ketonuria and, if persisted m, by symp- 
toms of impending coma The average daily dose of insulin while she w'as in 
the hospital w-as 317 units, a total of 26,965 units in less than three months 
Repeated attempts w'ere made to reduce the dose Each time, however, an 
alarming acidosis supervened, from which the patient could be rescued only 
bv the administration of enormous amounts of insulin Thus, on November 9, 
1,000 units of insulin had to be given in broken doses, on November 12, 1,100 
units were given, 300 subcutaneously and 800 intravenously For a period of 
several days, beef insulin was used instead of the usual hog insulin, no 
difference in the effect could be noted 

From time to time, the manner of administration was modified, in the hope 
of rendering the insuhn more cffectn e Thus, during the first w eek in October 
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the patient was put on a diet of protein, 75, fat, 50 and carbohydrate, 105 Gm , 
50 units of insulin were given subcutaneously before breakfast, and ten hourly 
injections of from 10 to 20 units were given during the day The patient was 
never made sugar-free for more than an hour, and the total effect on blood and 
urine sugar was definitely less than when one or two large doses were given 
The observations made October 7 (table 7) illustrate her lack of response to 
this therapy 

After four dajs of this method of treatment, it was discontinued, both 
because it was ineffectual and because the patient objected to the numerous 
injections The best results were finally obtained when a single large dose of 
insulin, from 240 to 400 units, was given before breakfast with a diet consisting 
of protein, 75 Gm , fat, 150 Gm and carbohydrate, 100 Gm A moderate 
glycosuria persisted, to be sure, and the blood sugar remained high, but the 
patient felt comfortable and gained in weight and strength 

Early in December, she was allowed to go to her home in the countrj, on 
this diet, with instructions to give herself an injection of 240 units of insulin 


Table 7 — Lack of Response of Patient to Insulin Therapy 





Pood 






/ 

A 

a 


Urine 


Insulin 



Oirbo 

Blood 

Sugar (Gni 

aitnc 

(Units) 

Protein 

Pat 

lij drate 

Sugar 

per Hour) 

7 30 n ni 

50 




292 


7 30 a m 





341 


8 00 n 111 





281 


9 00 a m 





301 

03 

10 00 a m 

40 

23 

50 

33 

300 

10 

11 00 a ni 

20 





22 

12 00 p m 

20 
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e\erj morning Six days later, she returned with the statement that on this 
regimen her urine had remained sugar-free and that she had been having 
increasinglj se\ere hypoglycemic reactions A few daj^s’ study in the hospital 
showed that, ^\hlle the blood sugar during fasting remained more than 200 mg 
per cent, the gljcosuria could now be controlled by a daily dose of 175 units 
of insulin At a later Msit in Februar 3 , the dose could once more be reduced 
to 128 units Since then she writes that she has felt entirely well and finds no 
difficultj in doing her full work as a school teacher On a single dose of 104 
units of insulin in the morning, her urine is constantlj free from sugar and she 
occasionalK' has a mild hypoglj'ccmic reaction The dose could probably be cut 
dovn still further, but she cannot spare the time to come to St Louis for 
further studj It would appear that her condition is now that of a moderateh 
severe dnbetes of the usual tjpe 

COMMENT 

In consideiing the behaMoi of tins patient towaid insulin several 
plausible explanations suggested themselves One was the possible pres- 
ence in her blood of some substance, peihaps an antiinsuhn, capable 
of inactnating all but excessne doses of the hoimone In older to 
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deleimine this, 10 cc of the patient’s blood serum was added to the 
minimum amount of insulin required to produce hypogljcemia in fast- 
ing rabbits and the mixture injected into two such animals If an anti- 
insuhn had been piesent in the blood, the labbits should liaAe failed to 
lespond by hypoglycemic reactions The effect on the rabbits was, 
howevei, just the same as though the insulin had been injected without 
the admixtuie of the blood The presence of an antiinsuhn was thus 
dispi oved 

In view of the fact that the patient had lepeatedly shown alleigic 
phenomena following the injection of insulin, the possibility that the 
insulin may have been destroyed in the tissues by some anapln lactic 
piocess had to be consideied However, aside fiom the difficulty of 
explaining the destiuction in this manner of the large doses guen, ve 
failed to demonstiate the constant presence of any action of this kind 
The intiacutaneous injection of insulin in high concentration did not 
cause a local icaction, and the blood seium did not show any tiace of a 
piecipitm leaction with insulin containing 240 units pei cubic centimetei 

It has been stated that insulin is rapidly and almost quantitatively 
excreted in the mine, provided the kidneys are noimal With the lela- 
tively small doses ordinarily admimsteied in human cases, the detection 
of insulin and especially its quantitative deteimination in the mine aie 
difficult and are fiaught with many possibilities of erioi In om patient, 
the unusually laige doses given should have made it easy to detect insulin 
in the mine, if Cai Ison’s view is coirect On two occasions, once aftei 
the admmistiation of 50 units in a single dose, intravenously and aftei 
fasting, and again after the subcutaneous injection of 900 units within 
twelve horns without food, the urine was caiefully examined The total 
amount was concentrated, salted out b}’- saturation with ammonium 
sulphate, the piecipitate obtained fractionated by iso-electiic jiiecipita- 
tion, and eveiy fi action, the iso-electiic piecipitate as well as the 
niothei liquoi, was tested on rabbits No action of insulin whatevei 
could be made out This shows definitely that in om patient, at any 
rate, an appreciable amount of insulin was not lost thiough the kidneys 

These consideiations lead us to the belief that the peculiar leactions 
shown by om patient can best be explained by assuming that hei diabetes 
was not due exclusively to pancreatic insufficiency but to the lack of some 
substance otliei than insulin and eqnalh necessar}^ foi the metabolism 
of cai boh} di ates 

This explanation, also suggested by Falta m his case refeired 
to, IS in accord with cm lent theoiies, based on a laige ^olume of 
expeiimental uoik Thus accoiding to Brugsch and Horsters2‘ 
tissues of the muscle and In ei and othei tissues contain a S} nthesizing 

17 Brugsch T, and Horstcrs H Phosphatase and Phosphatese of the 
Hcxose-Diphosphonc Acid, Biochem Ztschr 155 459, 1925 
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enz}me, “phosphatese,” which conveits glucose into hexose-diphosphate 
(the lactacidogen of Embden and his school), as a necessaiy step m its 
catabolic utilization Phosphatese, accoiding to Biugsch, is in itself 
inactive without the presence of insulin, which “seems to be a kinase, 
capable of activating it ” This view is suppoited by the fact that when 
sugar disappears fiom the blood under the action of insulin, phosjihoiic 
acid, too, IS simultaneously withdrawn fiom the cii dilation 

Lundsgaard and his associates also claim to have demonstiated the 
piesence of an enzyme in muscle, which leacts with glucose only in the 
presence of insulin The reaction in this tiiangle of substances is, 
howeier, entirely difteient fiom that assumed by Brugsch It consists 
m the transmutation of the oidinaiy a-/3 glucose into a leactive isomeric 
foim, which they call “neo-glucose” and which alone can be utilized by 
the tissues The muscle enzyme, which they call “insulin complement,” 
and insulin itself must be piesent simultaneously to bung about this 
change 

Ahlgren approached the pioblem fiom a somewhat diffeient angle, 
by employing Thunberg’s methylene-blue technic, but ariived at sub- 
stantially identical conclusions His long an ay of convincing expeii- 
ments in vitro demonstrates that fiesh tissue from muscle contains an 
enzyme, “glycomutin,” which in the presence of insulin changes the 
oidinary glucose into a moie reactive form 

In the light of these expeiiments, we deem it at least possible that 
in our patient the obstinacy of her hyperglycemia was caused not so 
much by a lack of pioduction of insulin as by an insufficiency of the 
muscle enzyme (phosphatese, insulin complement, glycomutin) The 
fact that enormous doses of insulin were finally effective can be 
explained by the law of mass action which, to a certain extent, is valid, 
also in enzymatic and immunologic reactions We assume that the 
normal concentration of the muscle enzyme was cut down by some 
functional disturbance and that the huge doses of insulin were lequired 
in order to compensate foi this deficiency A similar phenomenon is 
sometimes obsen’^ed m the relationship between complement and 
sensitizei The patient’s final and so far permanent impiovement 
vould then be accounted foi by the restoration of the tempoiarilv 
impaired supply of the muscle enzyme to its normal concentration 
The foregoing hypothesis also accounts satisfactorily for our patient’s 

18 Briggs, A P , Koechig, I , Doisy, E A , and Weber, C J Some 
Cbanges in the Composition of Blood Due to the Injection of Insulin, J Biol 
Chcm 58 721 1924 

19 Lundsgaard, C , and Holhoell, S A Effect of Insulin and Muscle Tissue 
on Glucose in Vitro, J Biol Chem 62 453, 1924 , 70 71, 1926 Lundsgaard, C , 
Holhoell, S A , and Gottsclialk, A Ihid 70 89, 1926 

20 ‘Milgren, G Insulin and Tissue Oxidation, Skandin A.rcli f Phvsiol 
47 149, 1925 (supp ) 
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failuie to lespond to broken doses of insulin It has frequently 
been obseived and has been shown experimentally by Holm that, 
m oidmaiy cases of diabetes, lepeated small doses of insulin aflect 
the blood sugai fai moie profoundl}’’ than the same total dose adminis- 
teied in a single injection In oux case, howevei, fiom 200 to 300 
units of insulin, distiibuted into 10 oi moie injections m the course 
of the day (table 7) were definitely less effective than a similai dose 
administered as a single injection It seems difficult to avoid the con- 
clusion that the pimicple of mass action must pla}’’ a pait heie and, if 
so, that the patient’s condition must be due to a lack of muscle enz)nne 
or of some similai agent and not to the pancieatic secietion alone 

SUMMARY 

A case of diabetes mellitus is lepoited, which showed the following 
jDeculiai ities 

1 Beginning as a mild case, it lapidly became moie seveie and at 
one time showed an allergic leaction to insulin 

2 Foi a peiiod of some months, the patient pioved lelatively lefiac- 
tory to insulin, lesponded only to enoimous doses of insulin and slipped 
into coma or piecoma as soon as these doses were i educed 

3 Dili mg this peiiod, the patient did not respond better to fi actional 
doses of insulin than to an equivalent single dose on the whole, the 
lattei was more effective than the foimei In oidinary diabetes, the 
level se is tiue 

4 To a moderate degiee, the patient’s i espouse to insulin seemed 
to be inci eased by the simultaneous injection of paiathyioid extract 

5 Latei, the i espouse to insulin inci eased, and the case again became 
an oidinaiy, model ately seveie diabetes 

6 It is shown that the patient’s failuie to respond in the usual 
manner to insulin can be explained neithei by a destiuction of insulin 
in the body nor by its excietion in the urine 

7 It is suggested that in this case, as perhaps in othei similar ones 
lepoited 111 the past few yeais, the diabetes was due not only to 
a lack of pancieatic secretion, but also to a lack of muscle enzime 
(phosphatese, insulin complement, glycomutin) 

If oui conclusions are confirmed by the observation and study of 
similai cases, we may be justified m assuming the existence of at least 
two varieties of diabetes melhtus the one due to pancreatic disease and 
responding to insulin , the other due to a deficiency in the production of 
a muscle-enzyme and relative^ refractory to insulin 

21 Holm, K On the Quantitative and Optimal Action of Insulin, Klin 
Wchnschr 5 2157 (No\ 12) 1926 



VITAL CAPACITY OF CHINESE STUDENTS* 


C H McCLOY 

NEW YORK 

The last decade has seen a leMval of interest in the subject of vital 
capacity as a diagnostic and piognostic measure This mteiest has been 
accompanied by an increased output of literature on the subject, much 
of which has been of practical as well as of scientific value This paper 
presents the results of a study of the vital capacity of Chinese students 
similar socially to the Ameiican groups studied by Hastings,^ Baldwin,- 
Hitchcock ^ and othei s The results may be directly compared Avith 
analogous American data 

A compi ehensive review of the literature on vital capacity was pie- 
sented by Di J A Myers ^ in the excellent monogiaph, “Vital Capacity 
of the Lungs ” Hence I shall dispense with a historical discussion of 
the study of vital capacity and with a review of the hteiatuie in this 
papei and pioceed to the subject indicated in the title This study was 
made dm mg the last thiee years, while I was m chaige of the piofes- 
sional school of physical education of the National Southeastern Uni- 
\eisit\ of Nanking, China 

SUBJECTS or STUDY 

The men of this study aie divided into thiee gioups The first gioup 
includes 1,151 men students of the National Southeastein Universit) of 
Nanking, China These students had an aveiage height of 168 cm 
(66 inches) and an aveiage pondeial index, in metric units, of 22 4 
They are about 10 pei cent lighter in weight than Amei leans of the same 
age and height The latitude of Nanking is approximately that of 
Sa^annah, Ga , and Nanking piobably has a slightly highei average 
humidity 

Members of this student body ha^e engaged in a noimal amount of 
athletics since becoming college students, and have laigely come from 
middle schools in which exercise was required to about the same extent 
as m the schools of the United States about ten years ago Their play 

Department ot Phjsical Education National Council Y M C A 

1 Hastings, W V' Manual of Plnsical Measurements, 1902 Sealer,} W 
Anthropometrv and Plnsical Examination, published by author, 1909, p 110 

2 Baldwin, B T The Fifteenth Yearbook of the National Society for the 
Studj of Education, page 11, part 1, Chicago, University of Chicago Press, 1916 

3 Hitchcock, Edward in Sea\er Antropometry and Physical Examination, 
published bj author, 1919, p 90 

4 Blbhograph^ m M^ers, J \ Vital Capacitj' of the Lungs Baltimore, 
U illnms & V'llkins, 1925 
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life as childien has been less active than that of Amencan childxen of 
the same ages The standaids of vital capacity pioposed will be largely 
compaiable with Amencan student anthropologic statistics of the kind 
that aie available m the tables chosen for comparison These students 
come predominantly fiom the Yangtse Valley, though, in lesser num- 
beis, they lepiesent all of China 

The second gioup is composed of about 400 students from the ele- 
mentar} and middle schools attached to the Teacheis College of the 
National Southeastein University of Nanking The comments on the 
first gioup i^ould apply to these students as well, except for the fact 
that the students of the elementaiy school are almost all fiom Kiangsti 
Pi ovmce 

The third gioup includes 2,458 students from Hongkong These 
students lange fiom 5 to 19 years of age They are all “Cantonese,’' 
and lepresent the subtiopical gioup of Chinese They are anthropologi- 
cally dififeient fiom the Kiangsu Chinese and, as will be seen, show 
diftereiices m wtal capacity The measuiements of these students weie 
made a\ailable to me by A E Dome, physical directoi of the Y M C A 
in Hongkong 

Two gioups of women were studied The fiist included 131 college 
students of the National Southeastein Umveisity and of Ginling Col- 
lege, both of Nanking (For these lecoids I am indebted to Miss K J 
Ku of the National Southeastein University, and to Miss Emily I Case 
of Ginlmg College ) 

The second group was made up of 576 girl students of the elementaiy 
and middle schools of Nanking, measuied by Miss Lung-} nan Du, a 
lesearch student woiking under my diiection 

PURPOSES or THIS STUD\ 

The objectives of this study may be outlined as follows 

1 To determine the best basis for the prediction of normal vital capacity 

2 To determine the normal variability in the vital capacity of the Chinese 

3 To ascertain the relationship of "chest expansion” to vital capacity 

4 To ascertain whether or not there was a relationship between overweight 
and underweight and vital capacity in the Chinese 

5 To determine statistically normal standards of vital capacity for Chinese 
students and to present tables for the "normal” vital capacity 

6 To compare the vital capacity of the Chinese of different anthropologic 
groups , specifically, to compare the vital capacity of Southern Chinese with 
that of East Central Chinese 

7 To compare the vital capacity of the Chinese with that of Americans of the 
same social class 

In the studies presented here, it should be noticed that all measuie- 
ments of vital capacity represent the volumes obtained with the watei 
in the spiiometer at room tempeiature I have found that the ordinary 
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wet spiiometei as I used it (the instiument manufactuied by the 
Narragansett Machine Company) varied in the volume recoided accord- 
ing to the temperature of the watei ^ When the tube running up 
through the water was altered to offer more surface area pei unit of 
cross-section, the volume i ecorded by the instrument varied exactly with 
the volume to be expected when corrected for temperature and vapor 
piessure As the air expired is approximately 37 C m tempeiatuie and 
saturated with water vapor, this coirection gives a volume at the vaiious 
tempeiatures as recorded in table 1 The volumes given in this aiticle 
have not been corrected foi this change in volume, as it is thought that 
most recorded volumes will be taken with watei at room tempeiatuie 
The watei in the spirometer was appi oximately 18 C , and the eiror foi 
that temperature should not be larger than 1 or 2 per cent 


Table 1 — Pt opo) iionate Volumes of Air Erpiied into a Spti ometer with Watei 

at Diffcient Tempei atui cs 


'icnitier 

Per Cent 


Per Cent 


Per Cent 

nlurc 

bj V olume 

Temperature 

by Volume 

Temperature 

bj Volume 

37 

100 00 

24 

92 59 

11 

87 00 

30 

99 33 

23 

9212 

10 

sees 

So 

9S6S 

23 

91 65 

9 

86 30 

34 

9S04 

21 

9120 

8 

S3 93 

33 

97 03 

20 

90 75 

7 

85 57 

32 

96 83 

19 

90 31 

6 

85 20 

31 

90 20 

18 

89 88 

5 

84 8) 

SO 

95 09 

17 

89 40 

4 

84 40 

29 

95 14 

10 

89 04 

3 

84 14 

2S 

94 01 

15 

88 63 

2 

83 79 

27 

94 09 

14 

88 23 

1 

83 45 

2(1 

93 5S 

13 

87 84 



23 

93 08 

12 

87 44 




* 'lo correct, tlic \oluine is divided bj the percentage gnen All temperatures are given in 
centigrade 


MOST SATISFACTORY BASIS FOR THE PREDICTION OF NORMAL 

VITAL CAPACITY 

The variables geneially used in endeavoring to pi edict vital capacity 
have been height, weight, girth of chest and surface aiea I have made 
various trials with these variables and also with combinations of height 
and weight computed from multiple correlations In computing multiple 
1 egressions, it vvnll be leadily seen that the regiession of height on 
vv eight will be far too curvilinear to use in computing multiple correla- 
tions according to the usual formulas I hav'^e tried to avoid this 
difficulty to some extent by cubing the height This did not entirely 
av Old the trouble, but it did giv^e regressions much more linear than 
would have otherwise been the case The results obtained in this part 
of the studv were as follows 

5 ^^cClo}, C H On Using the Spirometer as an Instrument of Precision, 
\merican Phvsical Education Review, May, 1927 
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Students of the National Southeastern Unwei sity, and the SoutJi- 
castcin Univeisity Middle School and Elemental y School — In all 
lesults given, the usual symbols are used The letter “r” represents the 
con elation coefficient, “rj” lepiesents the con elation ratio for curvilinear 
inateiial, “or” repiesents the standaid deviation Subscripts will be 
explained 

a Southeastei n Umveisity men students 

Height and vital capacity r = 0 433 ± 0 025 

Weight and vital capacity r = 0 566 it 0 020 

Partial coiielations according to the usual methods for rectilineal 
regiessions gave the following figures 

Height and vital capacitj’’, weight partialed out r = 0 1169 it 0 0247 
Weight and vital capacity, height partialed out i = 0 4205 it 0 0239 

111 both these cases, the curvihnearity of the i egressions of height on 
weight and of heiglit on Altai capacity pi evented the figures fiom being 
significant It is moie significant, howevei, than Avould be the case Avith 
a laigei range of ages, as in the other data given Another attempt 
to partial out height Avas made by coi i elating the cube root of the weight 
divided by height with the cube root of the vital capacity divided by 
height The correlation coefficient was 0 350 ± 0 021 

The attempt to secuie a multiple coi relation Avith not too high a 
degree of cuivilinearity lesulted as follows (numbeis in each case being 
1,160) 

Weight and (height)^ r = 05635 iti 00135 

Weight and vital capacit)", r = 0 5396 ± 0 0140 

Vital capacity and (height)’, r = 04634 ± 00155 

With Yule’s' multiple regression, r == 0 4723 ± 0 0155 

Clearly this multiple regression is thiown out by the cuivihneaiity 
of the twowanable inteicorielations, and is less than the correlations 
with height and Aveight alone I shall, theiefoie, not discuss it fuither in 
this paper 

The next vai table tried Avas girth of chest This was taken at the 
level of the base of the ensiform and lepresented the mean of measure- 
ments taken at full inhalation and exhalation girth of chest and the 
cube loot of vital capacity r=:i0441±:0 019 That this was not 
greatly dependent on height was demonstiated by coi relating girth of 
chest divided by height against the cube root of vital capacity divided 
by height , r = 0 407 ± 0 020 


6 Yule, G Udny An Introduction to the Theory of Statistics, C Griffin 
and Co, 1924, p 233 Kelley, Truman Statistical Method, Neiv York, The 
Macmillan Company, 1923, p 283 
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An attempt ^^as made to secure a combination index which would 
repiesent girth of chest and height together This was done by cor- 
relating the Mtal capacity against the “normal” weight foi height and 
bod} build according to the method I developed ^ In this standard, the 
normal v eight is taken fiom height and mean giith of the chest This 
correlation pioved to be slightly less than for weight alone, being 
r = 0 5580 ± 0 0165 

The coi relation® of vital capacity with surface area, computed b} 
the Dubois formula, gave in each case the best results With the college 
students, a homogeneous group, the correlation was r = 0 6006 ± 0 0127 

With a group of elementary school, middle school and college men, 
the con elation of vital capacity with surface aiea was as follows 

r = 0 9122 = 0 0043 ^ = 0 9147 ± 0 0042 N (T-r) = 3 16 

vhich IS far within the bound of linearity according to Blakeman’s 
criteiion This large correlation is partly spuiious, owing to the wide 
range of ages involved, and no one age would give nearly as large a coi- 
relation coefficient It is significant, however, that the regiession is 
linear and that the normal standards may be predicated on the regres- 
sions found This con elation with surface area was so much larger 
than uith any one vaiiable that it is obviously the most satisfactoiy 
device I have tried 

Hongkong Students — Correlations obtained weie as follows 

Height and vital capacitj' r == 0 7822 ± 0 0054 

Weight and vital capacity r = 0 8055 ± 0 0048 

(Height)^ and vital capacity r = 08311 ±00042 

(Height)'’ and weight r = 0 8990 ± 0 0026 

Individual partial con elations, though not reliable, owing to the 
curt ilinearity of the data, were nevertheless computed and gave the 
following results 

f/rTJti'z= 0 4046 = 0 01 14 (“IP” denotes (helght)^ “tv” denotes weight, 

’’iW /( = 0 251/ = 0 0134 and “v” denotes vital capacity ) 

These results are just opposite to those found with the Southeastern 
Unitersitt data, m which weight gave the greater paitial con elation 
Ott ing to the curt ihnearity, multiple regressions were not calculated 

7 McClot, C H Weight Standards for the Individual, American Phvsical 
Education Retiett, September, 1926 

S DuBois and DuBois Clinical Calorimetry, Tenth Paper Arch Int Med 
17 863 (Tune) 1916 
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Sin face aiea coii elated with vital capacity as follows 
r = 08370 ± 0 0045 0 8493 ± 0 0038 N = ?,4S8 

This IS the highest coi relation obtained, but is not greatly highei than 
that obtained with height cubed All ITongkong correlations are 
spuriously high, owing to the wide range in age Accoidiiig to Blake- 
man’s cnteiion, this would not fall within the bounds of linearity The 
line of the means of the an ays, howevei, follows closely that of the 
legiession line, and I do not believe that Blakeman’s cnteiion in such 
a case, haiing such a laige number, is necessarily valid Means of 
arrays which slightly zigzag up the regiession line owing to chance 
eiiois of the small numbers m an aiiay will give a smaller con elation 

coefficient, but the best fitting line may still be a straight line The 

correlation latio, howevei, will be laige m comparison to the correlation 
coefficient and will fall outside of Blakeman’s ciitenon It seems to me 
that this IS the case in this correlation 

A^ankiiig Giils and Women — Coiielations obtained with college 
women weie as follows 

Weight and vital capacity r = 0 376 ± 0 051 

Height and vital capacity r = 0 394 ± 0 049 

Surface area and vital capacity r = 0 4999 ± 0 044 

The correlation obtained with elementary, middle school and college 
girls combined is as follows surface aiea and vital capacity, 
1 = 0 6064 ± 0178 ,7 = 0 6168 ± 0 0174 N (r'l-) = 7 37, which 

would indicate hneaiity of legiession 

It would seem fiom these data that in each case suiface aiea is the 
most satisfactoiy method of piedicting vital capacity of the Chinese 
groups studied With the charts given by Dubois 01 by the logarithms 
that I have piepaied, this may be conveniently computed, and in addition 
It gives the gieatest accuiacy of piediction 

NORMAL VARIABILITY OF THL VITAL CAPACITY IN 

THE CHINESE 

The vaiiation of all records of men fiom the statistical noun Wt>s 
computed The piobable eiror of the distributions of the airays aver- 
aged 8 8 pel cent of the mean This was computed from a gioup of 
4,402 cases, including all Nanking and all Hongkong cases This, how- 
ever, IS only the probable erroi , that is, this lepiesents a deviation in 
which approximately half of the cases fall outside the limits This is a 
greater deviation than is comfoitable for piedictive pui poses It should 
be the aim of future investigation to discover some method which will 
cut this large eiror to smaller dimensions For university students 
alone, this eiior was 6 8 per cent of the mean 
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DELATION or “chest EXPANSION*’ TO VITAL CAPACITY 

It has been the custom of insurance examiners and of some othei 
ph}sicians to utilize the difference in girth of the chest at full expansion 
and full contraction as a measure of vital capacity I wished to deter- 
mine the validit} of this procedure foi Chinese students 

previous experiment that I ** made demonstrated conclusively that 
measurement of the chest at the level of the nipples was not a reliable 
measurement and that the best measurement was that taken at the level 
of the base of the ensiform Measuiement at the nipple line includes 
the pectoialis major and the latissimus dorsi and, m women, the variable 
factor of the mammaiy gland A slight contraction of the muscles named 
will make a large spurious diffeience in girth of the chest I know many 
men who can attain an “expansion” of fully 6 inches with no movement 
of an into the lungs, when the tape is at the level of the nipple There 
IS little spurious expansion at the level of the ensiform Hence, all 
measurements were taken at that level 

A con elation of vital capacity with chest expansion gave a con ela- 
tion coefficient of 0 3214±0 0256 in 553 male college students This 
IS howexer, a spuriously high correlation, for it was found that expan- 
sion vas approximately 10 8 per cent of the girth of the chest for all 
sizes of college students Since mean girth of chest correlates 0441 
with vital capacity, a large chest would usually be accompanied by a 
largei xital capacity, as well as by a laiger expansion, and this would 
gn e a spuriously high correlation 

Both \ital capacity and chest expansion weie next reduced to a 
common height level A correlation of the chest expansion divided by 
height and the cube root of the vital capacity divided by height gave a 
correlation coefficient of only 0 1260±0 0599, which, according to the 
usual criterion that the coefficient should be thiee times as large as its 
probable eiior, is not significant This would indicate that chest expan- 
sion was not a safe guide to vital capacity in the Chinese student This 
was not tried wuth w^omen, but I have obtained a correlation coefficient, 
using the same proceduie on the data from American women, of 

0 3068+0 0331 This IS much higher, but is not an indication of a 

1 eal relationship w Inch would make safe prediction easy 

RELXTIONSHIP OE VITAL CAPACITY TO NUTRITION 

In this stud}, 1101 mal weight for height and body type was computed 
from m\ tables ‘ The amount overw'^eight or underw’’eight w'^as then 
computed and correlated against the cube root of the vital capacity 
dnided h\ the height The coi relation coefficient w^as 0 158+0 028 with 

9 itcC^o^ C H Ts c-liang Fei Pu-ti Yen-chiu (Studies on Measurement 
of the Lung‘d) Chinese Journal of Phxsical Education and Higiene, Shanghai, 
Commercial Press, 1925, \ol 3, no 4 (In Chinese) 
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537 men The piobable error of this coi relation is well within the 
limits of one-third the con elation coefficient AVhile this correlation is 
small, It seems to us to have some significance In the first place, weight 
was estimated not only for height, but also foi body build I have 
demonstiated ’’ that this i educes the chance error from moie than 7 per 
cent to about 2 4 pei cent In the second place, weight and lung capacity 
vaiy, independently, no small amount, hence theie would normally be a 
wide scattei m coi relationship I beliei e that this small correlation is not 
altogethei insignificant and that it indicates that there may be some 
causal 1 elationship between undei nourishment and small vital capacity or 
vice \eisa, oi that theie may be a common factoi causing both 

NORMAL STANDARDS OF VITAL CAPACITY FOR CIIINESL STUDENTS 
WITH TABLES FOR PREDICTING INDIMDUAL 
NORMAL VITAL CAPACITY 

Certain studies of vital capacity have postulated a standard based on 
a constant times the surface area oi times the height Thus, West^° 
pioposes a standard foi men of 2 5 liters per squaie meter of surface 
area My lesults would seem to point to the conclusion that, with the 
high degiee of icclihneaiity found, the legiession line of the coi relation 
between vital capacity and surface aiea is a more dependable device, for 
the ratio of surface area to vital capacity changes at diffeient ages and 
sizes of man In the coiielations which I obtain with Chinese data, the 
difieiences between the con elation coefficient and the con elation ratio 
aie small and fall within the noimal limits of a variability due to chance 
In othei woids, even foi compai atively laige age langes the legiession is 
quite linear 

As Mull be seen in the tables, the standaids obtained for college 
students in each case aie slightly laiger than for those below the college 
ages I have some data, too incomplete for publication, which would 
indicate that theie is an incieasc with the onset of the postpubescent 
period In medical examinations, it is usually feasible to asceitain the 
“physiologic age””, hence it might be in older to secure data, dividing 
the groups at the age of either the onset of pubescence or the comple- 
tion of the pubescent peiiod and the beginning of postpubescence, and to 
inesent separate standards foi the two groups This would undoubtedly 
give more accuiate standards for those near this age In the standaids 
presented heie, this has not been done I believe that the college standaids 
may be used for all those of an age of postpubescence, while the 
standards given foi others may be used foi the prepubescents 

10 West, H F Clinical Studies on the Respiration VI, Arch Int Med 
25 306 (March) 1920 

11 Crampton, C W Physiological Age, American Physical Education 
Review, March, 1908 
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Essential Data foi Computation of Tables — College men of East- 
Central China 

Mean surface area 1 570 square meters 

Mean -s ital capacitj 3 324 liters 

Correlation coefficient r = 0 6006 ± 0 0127 

Equation of regression line V C = 3 105 (S A ) — 1 551 

Elementar}, High School and College Students of East Cential 
China (About one-fifth weie college students ) The coi relation table 
for this gioup IS shown in chart 1 On this chart, I have plotted the 
regiession line foi this group, and foi comparison, the regression line 
foi college students It will be seen that the regression for the college 



Chart 1 — Scatter diagram for Nanking students of all groups 

students uins slightly higher than that for the other group On this 
chart, I have also indicated a\erages for American students The dots 
are the medians for a given age, height and weight, taken from 
Hastings ^ Ihe ages lange from 6 to 16 Those marked with a Ar’ 
represent medians of Amherst students, taken from Hitchcock’s “ data 
It vill be seen that there is little difference between Ameiican and 
Chinese data 


ilean surface area 
Mean -vital capacity 
Correlation coefficient 
Correlation ratio 


1 260 square meters 
2 129 liters 
r = 09122 ± 0 0043 
I? = 0 9147 ± 0 0042 


Equation of regression line VC = 3 063 S ^ ) — 1 71038 





McCLO} —VITAL CAPACITY 


695 


South China Students (Hongkong) The coii elation scatlei diagiam 
of this gioup IS given in chait 2 This regression is not absolutel) 
linear, but is close to linearity Owing to the acceleration at the age of 
pubert}, one would expect to find that the line of means of the an ays 
would take an upwaid slant at about that peiiod This does not prove 
to be the case, however On the scatter diagiam, I have indicated the 
line of means of ntal capacit} by dotted line 


Mean surface area 
Mean vital capacity 
Correlation coefficient 
Correlation ratio 
Equation of regression line V C 


1 247 square meters 
2 122 liters 
r=:: 08370 ±00045 
17 = 08493 ±00038 
= 2 3676(S A) — 0 830397 


Women of East-Cential China The numbei of cases of college 
nonien was not sufficiently laige to give tuistworthy results, but they 
aie given, together with compaiisons with other data, for wdiat they may 
be w'orth 

Mean surface area 1 4257 square meters 

Afean vital capacity 2 0477 liters 

Correlation coefficient r = 0 4999 ± 0 0442 

Equation of regression line V C = 1 6595 (S A ) — 0 317 


All Gill Students The scattei diagram of the con elation is given 
m chait 3 On this table, I have plotted the i egression foi this chart, 
and also the regression for the college students alone Medians foi 
American students aie also plotted theieon These will be lefeiied to 
subsequent!)'- The regression of this table is lineai 


Mean surface area 

Mean vital capacity 

Correlation coefficient 

Correlation ratio 

Equation of regression line V C 


1 321 square meters 
1 797 liters 
r=: 06064 ±0 0178 
17 = 0 6168 ±00174 
; 1 7112 A 'l —ndrt.i! 


Standards of Mtal capacity for each group aie leadily computed for 
each surface area by means of the regression equations In table 2 I 
give the vital capacity for each group m metiic units, and in table 3 
the same is given in English units 

Owing to the fact that the smallest childien seldom undei stand how' 
to attain to then best lecord in vital capacity, it is piobable that vital 
capacities for childien with a surface aiea of less than 0 75 squaie 
meters are not to be relied on Regressions obtained for this gioup are 
probably also not paiticularly accurate, hence the low rallies of these 
tables are questionable 



Chart 2 — Scatter diagram for all Hongkong students 



Qnrt 0 — Scatter diagram all girls of Nanking, including college ages 
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Table 2 — Fttal Capactiy Nonits foi the Different Chinese Gioups (Heine — hias) 


Surface 

East China 

Element arj 
and High 

Aren 

College Men 

School Boys 

2 2o 

514 

5 IS 

2 20 

3 2S 

5 04 

21') 

512 

4S7 

210 

197 

4 72 

2 0) 

1 SI 

4 56 

200 

166 

4 11 

193 

1 50 

4 25 

190 

4 35 

4 09 

1S5 

4 19 

o91 

ISO 

104 

3 7S 

1 75 

3SS 

3 63 

1 70 

3 73 

3 47 

165 

3 57 

3 32 

1 GO 

312 

316 

1 53 

3 26 

3 01 

1 50 

3 11 

2S5 

1 15 

2 95 

2 70 

1 10 

2S0 

254 

1 35 

261 

239 

1 30 

219 

223 

125 

233 

2 OS 

120 

2 IS 

1 92 

1 15 

2 02 

1 77 

110 

1 9 {, 

161 

105 

1 71 

1 16 

100 

1 33 

1 30 

0 95 


111 

090 


090 

0 85 


0S3 

OSO 


OOS 

0 75 


0 52 

0 70 


0 37 


All East 


Hongkong Bojs 

College Girls 

China Girls 

4 50 



4SS 



4 26 



4 14 



402 



390 

300 


379 

2 92 


3 67 

2S4 


3 55 

2 75 


3 43 

267 

2 62 

3 31 

2 59 

2 53 

319 

2 50 

2 45 

SOS 

2 42 

236 

290 

234 

2 27 

2S4 

2 26 

210 

2 72 

217 

210 

260 

209 

2 02 

2 IS 

2 01 

193 

2 37 

192 

185 

2 25 

1S4 

176 

213 

170 

1 OS 

2 01 

167 

159 

1 SO 

1 59 

150 

1 77 

1 51 

1 42 

1 CO 

143 

133 

151 

1 34 

125 

142 


lie 

1 SO 


lOS 

IIS 


099 

106 


0 91 

0 95 


082 

OSS 


0 73 


Table 3 — Vital Capacity I\onus foi the Diffcicnt Chinese Gioups 
(English units — cubic inches) 


Surface 

East China 

Area 

College Men 

2 25 

332 

2.20 

322 

215 

313 

210 

303 

2 05 

294 

200 

284 

195 

275 

1 90 

205 

185 

250 

1 SO 

246 

in 

235 

1 70 

227 

1 65 

218 

160 

209 

1 55 

199 

150 

190 

1 45 

ISO 

140 

171 

135 

161 

ISO 

152 

125 

142 

120 

133 

115 

123 

110 

114 

105 

104 

100 

95 

0 95 


090 


085 


OSO 


0 75 


0 70 



1 Icmcntar'N 
and High 

School Dojs Hongkong Boys 


319 

274 

310 

267 

300 

260 

291 

253 

2S1 

210 

272 

23S 

232 

231 

253 

224 

213 

217 

234 

»)9 

224 

202 

215 

195 

205 

ISS 

196 

ISO 

186 

173 

177 

166 

ICS 

159 

15S 

152 

149 

144 

139 

137 

ISO 

ISO 

120 

123 

111 

115 

101 

lOS 

92 

101 

S2 

94 

73 

S7 

63 

79 

64 

72 

44 

65 

35 

5S 

25 

50 


All East 

College Girls China Girls 


183 

17S 

173 

16S 


163 

ICO 

15S 

155 

153 

150 

14S 

144 

113 

139 

137 

134 

132 

129 

127 

124 

122 

IIS 

117 

113 

112 

lOS 

107 

103 

102 

97 

97 

92 

92 

S7 

S7 

82 

82 

77 

71 

66 

61 

56 

61 

45 
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MTAL CAPACITY OP SOUTHERN CHINESE COMPARED TO THAT 
or CHINESE OF EAST CENTRAL CHINA 

A glance at the tables and charts and at the lespective legiession 
equations will show the difterences found It is seen that in the smaller 
surface areas, the vital capacity of the Hongkong Chinese exceeds that of 
the East Central Chinese The latter, however, soon pass the Hongkong 
boys, and after that, they keep their advantage This fact is in keeping 
with the observations of Di Stevenson,^- who found that the southern 
Chinese matured earlier, and that their height and weight exceeded that 
of the Northerneis during the early years, only to be passed near the 
age of puberty by the Chinese of Central and of Noith China I have 
no data on the rital capacity of the northern Chinese to compare with 
that of the Southeiners 

MT^L CAPACITY OF CHINESE STUDENTS COMPARED TO THAT OE 

AMERICAN STUDENTS 

The studies made on American students have difteied m no small 
degree I have chosen for comparison the data piesented foi younger 
childi en by Hastings ^ and those of college students by Hitchcock “ 
These measuiements weie made at a time in the history of American 
schools when physical education had not attained the prevalence oi 
intensity that it shows today, hence the compaiison would coriespond 
more closely to the type of environment of the Chinese student of today 
so far as his physical activity is concerned The marks plotted on 
chaits 1 and 3 show graphically the more important facts foi men stu- 
dents It should be noticed that the standards for Chinese w’^ere taken 
from the i egressions of vital capacity on surface area, and those for 
Amei lean students computed from the medians of various age groups , 
hence the standards aie not necessarily strictly comparable, for it is not 
possible to weight medians I do not believe that this will introduce a 
serious error, howevei, for this type of distribution is approximately 
normal 

In chart 3 it wull be noticed that wdiile the cuives for Chinese girls 
and those for American girls are almost supei imposed, the vital capacities 
of the women of Oberhn College runs above that of Chinese college 
w omen This, possibly, about represents the difference in the activit} 
of the two groups Chinese college women largely repiesent a group 
tliat has growm up w itli little exercise The pupils of the elementary and 
high schools, on the other hand, represent a newei generation They 
ha\ e had much more exercise than the preceding school generation 
Notliing authoritative can be said, however, in the wav of interpretation 

12 Stc\cnson Paul H Collected Anthropometric Data on the Chinese, China 
M T 39 855 (Oct 1 1925 
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In addition to the data presented heie, I have approximately fifty 
recoids for Chinese athletes These men differ greatly both m surface 
area and m vital capacity, and the luimbei of the men is so small as to 
rendei a con elation of little value A comparison of this small number 
of cases with figuies of Ameiican athletes leads one to believe that the 
vital capacity of the Chinese athlete will differ but little from that of 
American, athletes, when inteipieted in terms of surface area I have 
not been able to find in the literature any regressions for Ameiican 
athletes , hence I am unable to present a reliable comparison, and my 
impressions aie largely subjective, based on past expeiience in measui- 
ing the vital capacities of Ameiican athletes I hope to piesent a separate 
btudy on this subject later 

It should be borne m mind that in these studies I have been compai- 
ing Chinese f i om a latitude of Georgia and farther south with Americans 
from a latitude of Nebraska, Ohio and Massachusetts If there is a 
maiked diffeience in the vital capacities of Hongkong and Nanking 
Chinese, theie may be a similar difference between Americans of different 
latitudes as well The comparisons would, in that case, be more f avoi able 
to the Chinese 

All woikeis m the study of vital capacity have been struck with the 
relatively large variation m the actual lesults as compaied with the 
norms I believe that the possibility of regional variations should be 
kept m mind It is natuial that with a mixtuie of types there should be 
a compaiatively large vaiiation from the mean I have some evidence 
to show that body type also contiibutes in some measure to this variation 
I have con elated types of build, subjectively judged, with vital capacity, 
and the shoi tei , heavier built type has a consistently smaller vital capacity 
for the same height than does the taller, “rangy” type of build The 
coi 1 elation I have obtained is small, being 0 238 with less than fifty cases 
This may indicate that there is possibly a fiuitful field for investigations 
which may eventually i educe this variability It may prove that there 
is a laigei ^allablhty m nationals of one countiy, caused by climate, 
activity and bodily build than is found between nations oi races 

SUMMARY 

In a study of the vital capacity of Chinese students, the following 
conclusions weie reached 

1 Surface aiea of the body, computed accoidmg to the method of 
Dubois, offeis the ciiterion which coi relates the height with vital capacity 

2 Owing to the cm vilmeai ity of all two-variable correlations, mul- 
tiple regressions were not reliable 

3 The probable error of the deviations from the “normal” approxi- 
mated 8 8 per cent of the mean for all ages and 6 8 per cent for college 
students 
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4 Chest expansion gave low correlations with vital capacity when 
both \\ ere corrected for height 

5 There is a slight but positive relationship between vital capacity 
and o^erwelght and underweight 

6 Tables are presented for ascertaining vital capacity norms for 
Chinese students from South China and from East Central China 

7 South China students show a larger vital capacity before 
pubescence and a smallei vital capacity after puberty than is the case for 
students of East Central China This is found only for men students, 
as data for women students of South China were lacking 

8 College students of both sexes show a slightly larger vital capacity 
than do elementary and high school students 

9 The vital capacity of Chinese students of East Central China 
compaies favoiably with that of American students of both sexes, except 
that vital capacity of the Ameiican college women exceeds that of the 
Chinese college women to no small degiee 

10 It is thought probable that there are regional variations in vital 
capacity which may vary more within one nation than would be the case 
with similai groups of different races 



THE ORAL ADMINISTRATION OF EPINEPHRINE 


WILLIAM C MENNINGER, MD 

TOPEKA, KAN 

As a result of many clinical and expeiimental investigations, curient 
opinion regal ds epinephiine as pioducing little if any effect when 
administrated oi all}^ Sollmann ^ states that “it is entii ely ineffective by 
01 al administration” and that “the blood pressure response is practically 
absent” when given by mouth In “Useful Drugs” ^ it is stated that, 
“when given by mouth, it produces no evident effect on the general 
circulation ” Cushny ^ states that “when given by mouth, it has no 
effect on the blood piessuie or lieait” According to an article in the 
“Phaimacology of Useful Diugs,”'‘ “epinephiine is one of the few 
alkaloids in the matei la medica which are not absorbed from the gastro- 
intestinal canal with such i apidity as to induce any appi eciable effect ” 
In the recent senes of articles on glandulai therapy in The Journal of 
the Ante} lean Medical Association, it was stated,® regarding epinephrine, 
that “when the diug is administered by mouth, it is quickly destroyed, 
either by the gastric oi by the intestinal secretions, and its systemic 
effects are consequently not obtained ” 

ANIMAL EXPERIMENTAL WORK 

In experimental woik on animals, administration of epinephrine by 
mouth, except in laige doses, does not pioduce any effect on the blood 
pressure Pleiter and Wakeman® reported no effects when the diug 
was given in “ordinal y” doses They found that 10 cc of epinephrine 
solution (1 1,000) produced no effects in a well fed dog weighing 
13 Kg , which they feel coriesponds with the known absence of physio- 

T 

1 Sollmann, Torald A Manual of Pharmacology and Its Application to 
Therapeutics and Toxicology, ed 2, Philadelphia, W B Saunders Company, 1922, 
pp 385, 387 

2 Useful Drugs, Prepared Under the Direction and Supervision of the 
Council on Pharmacy and Chemistry of the American Medical Association, ed 6, 
1923, p 70 

3 Cushny, A R A Textbook of Pharmacology and Therapeutics, or the 
Action of Drugs m Health and Disease, ed 7, Philadelphia, Lea & Febiger, 1918, 
p 374 

4 Hatcher, R A , and Wilbert, M I Pharmacology of Useful Drugs, 
Chicago, American Medical Association, 1915, p 189 

5 Wearn, J T Glandular Therapy Pharmacology of Epinephrine, J A 
M A 83 1508 (Nov 8) 1924 

6 Herter, C A , and Wakeman, A J On Adrenalin Glycosuria and Allied 
Forms of Experimental Glycosuria Due to the Action of Reducing Substances 
and Other Poisons on the Cells of the Pancreas, Tr A Am Phys 17 570, 1902. 
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logic effect of gland extracts on the human subject However, with 
30 cc of the solution they pioduced a 1 per cent glycosuria in a dog, 
over a short period of time, without other symptoms Falta and 
Rocovic,^ while working on dogs, found that even more than 20 mg a 
daj did not produce any special manifestations They gave 50 cc of a 
1 per cent solution over a period of eleven days, with only a trace of 
glycosuria on three of the days Dorlencourt, Trias and Paychere,® 
gning relatively high doses (0 20 mg per kilogram of body weight in 
an animal), obtained only hyperglycemia and never any change in blood 
pressure, from which they concluded that the epinephrine passed through 
the portal s}stem to the liver, and that none escaped into the general 
circulation Rogers ° produced a local increase in the size of the thyroid 
gland by feeding dogs derivatives of the entire suprarenal gland, but 
he found that feeding with corresponding amounts of epinephrine crystals 
is without appreciable effect on the thyroid 

CLINICAL OBSERVATIONS 

Clinical experiments were carried on by Aschner and Pisk’-® with 
doses of from 3to4cc ofaOl per cent solution in twenty cases 
Most of the patients showed a rise in blood pressure, the highest being 
86 mm after a dose of 4 cc , this rise usually occurred between five 
and twenty minutes after administration, in one case, after forty-five 
minutes The pulse rate was not constant, being accelerated in some 
cases and slowed m others Generalized symptoms of tremor, pallor, 
excitement and myalgic pains occurred in those cases in which these 
symptoms followed subcutaneous injection More often local symp- 
toms of nausea, epigastric and hunger pains were present, and glycosuria 
was not noted These authors conclude that orally administered 
epinephrine in the doses given acts almost exclusively on the blood 
pressure, the strength of the reaction in the majority of cases running 
parallel with subcutaneous and intravenous effects These experiments 
suggest that epinephrine is absorbed, but m those cases in which only 
local symptoms were manifest, the rise in blood pressuie may have 
resulted from the local action The drug was given in solution, and 

7 Falta, W , and Ivcoi ic, L Ueber die Wirkungsweise des Adrenalins bei 
\crschcidencr Appbkation und das Auitreten desselben im Harn, Wien klin 
Wcbnsciir 22 1780, 1909 

8 Dorlencourt, H , Trias, A, and Pajchere, A Stabilisation du faux de la 
ghccmie chez le chien durant le sommeil chloralosique, Compt rend Soc de biol 
86 1078 1922, Absorption de I’adrenalme par voie digestive, ibid 86 1129, 1922 

9 Rogers J Adrenal Feeding in Conditions of Hyperthyroidism, Endo- 
crinologv 6 73 (Jan ) 1922 

10 Aschner, B , and Pisk, H 1st das Adrenalin vom Magendarmtrakt aus 
IFirksam’ Klin Wchnschr 3 1265 (Jul> 8) 1924 



MENNINGBR—EPINEPHRINE 


703 


while the effect throughout absorption by the mucous membranes of the 
mouth and pharynx may have been minimal, it cannot be entirely 
eliminated 

As a result of their expeiimental woik with animals, Trias and 
Doilencouit advise the administration of the drug by mouth foi the 
hoi monic effect, although it does not cause a rise in blood pi essm e They 
advise giving it m a concentiated solution, the rapidity of absorption 
being dependent on the concentration The dose advised varies from 
five to ten times that of the injection, the doses usually effective and 
tolerated are fiom 60 to 100 drops (fiom 3 to 5 mg ) The ingestion 
of epmephiine sets up a hypeiglycemia m proportion to the amount 
taken They state that Henri Vignes fully agiees with this method of 
oral administration basing ins opinion on his experience with opotherapy 
111 vai lous gynecologic and obsteti ic cases 

Bieins^" has made some clinical observations on the effect of 
epinephrine administered by mouth He used doses of 4 cc of a 
1 per cent solution, and in twenty-one cases observed the effect on the 
blood pressure and on the blood sugar In five cases the blood 
pressure rose, in seven it lemained constant, and m the remaining it 
was lowered The blood sugar was increased in all cases, and no 
parallelism was found between the blood pressure and the effects on 
the blood sugar The maximum blood pressure in the five cases which 
showed an mciease occuned 15, 30, 60, 60 and 120 minutes after the 
admimsti ation , those showing a fall m blood pressuie reached their 
lowest reading 8, 8, 10, 15, 15, 15, 30, 30 and 90 minutes after the 
administration The blood sugar reached its maximum in about an hour 
W eiss and Baitz did not find any cardiovascular response in ten 
cases 111 which they administered 3 mg of epinephrine by mouth, seven , 
cases of which were known to have an anacidity They emphatically dis- 
agree with Aschner and Pisk and also with Hepner and Cervenka,’^'^ 
who noted a rise m blood pressure with oial administration 

Hitchcock administei ed epinephrine chloride by mouth in doses of 
0 3 cc , 1 1,000 solution diluted to 100 cc , using the increase m 
metabolism as the cntei la for absorption In ten of eleven experiments 
on healthy persons, there was an average use m metabolism of 6 9 per 
cent It is believed that the rise was caused by absorption from the 

11 Trias, A, and Dorlencourt, H How Adrenalin Should Be Given, J des 
Practiciens, Feb 10, 1923, abstr Practitioner 110 333 (April) 1923 

12 Brems, A Ueber die perorale Adrenalinwirkung, Acta med Scandinav 
63 431 (May 27) 1926 

13 Weiss, S , and Baitz, G Zur Frage der Wirkung des stomachal vera- 
breichten Adrenalins, Ztschr f d ges exper Med 49 543, 1926 

14 Hepner and Cervenka, quoted by Weiss and Baitz (footnote 13) 

15 Hitchcock, F A The Effect of Ingested Adrenalin Chloride on Basal 
Metabolism, Am J Physiol 69 271, 1924 
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stomach and probably from the upper intestine, and that the extent of 
the rise indicates the amount of the drug absoibed These experiments 
are open to criticism m that again the solution was used, and the effect 
on the mucous membranes of the mouth and phaiynx cannot be elimi- 
nated The ingestion of the amount of fluid used may have caused 
some rise m the metabolism The increase in metabolism may have 
resulted from the local action of the epinephime on the gastro-mtestmal 
tiact through increased peristalsis, with the local symptoms of nausea 
and distiess 

Other wi Iters have mentioned the use of epinephrine by mouth 
narrower cites several instances in which epinephrine by mouth was 
lapidly effective, and quotes several leferences regarding this, but none 
of his facts are convincing His references indisci iminately include 
opinion concerning gland extiact and epinephrine, and all give the author’s 
opinion rather than definite data Satterthwaite tiied epinephrine by 
mouth in doses of from 0 6 to 1 cc of a 1 1,000 solution, but he believes 
gastric secretions oxidize the active principles befoie they can reach the 
circulation, thus depriving them of physiologic properties Milian’-® 
lecommends epinephrine in 2 mg doses in water by mouth before the 
administration of arsphenamine, the dose being lepeated five minutes 
before injection and again an hour afterward He also gives 1 mg by 
mouth morning and evening on the four days following the injection 
Signs that the patient is under the influence of epinephime are blanch- 
ing of the face, use m arterial pressuie, tachycardia and generalized 
tremor 

Hoxie and Moiris leport a case of asthma of six years’ duration 
They say “It is interesting to note that the use of adienalin even by 
mouth gave some lelief,” although mention is not made of the type of 
the prepai ation used or any obj ective data concerning the effect Alvai ado 
and Arroyabc'® have found epinephrine administered orally efficacious in 
an csting vomiting in malaria 

ACTION ON GASTRO-INTESTINAL TRACT 

There is a gieat deal of discrepancy in opinions regaiding the effect 
of cpmephnne on the stomach and intestine Much of the woik which 
has been leported has been done on experimental animals and so does 

16 Harro\\er, H R Oral Administration of Aclenalin, New Yok M J 104 
893 (No\ 4) 1916 

17 Sattcrthwaitc, T E Drug Thcrapj in Card]o\ ascular Diseases, Internat 
Clin 1 26 1916 

18 Milnn, G L’administration de radrenalme, Pans med 8 81 (Feb 2) 
1918 

19 Iloxie G H and Morris, H T Adrenalin in Asthma A Case of 
Chronic Vdrcnahsm, Endocrinologi 4 47, 1920 

20 Aharado, R, and Arro\abe, V Treatment of Vomiting in Malaria, 
Preiwa med argent 13 242 1926, abstr, J A A 87 1690 (Nov 13) 1926 
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not necessaiily apply to man, and the diffeience m effect between local 
application and perfusion is not cleai Heinekamp summarizes the 
opinion of eighteen reports in which inhibition of peristalsis was the 
chief observation and seven others m which increased peristalsis was 
noted Summarizing, he states in general that the work to date, most of 
which has been done on excised tissue f i om the rabbit or frog, indicates 
(1) that epinephrine ordinal ily relaxes the gastro-intestinal canal with 
the exception of the sphincters, which are contracted, and (2) that 
epinephrine in minute quantities causes contraction of the intestine The 
conclusions to his own woik state that epinephrine in minute doses 
stimulates the peripheral vagus appaiatus The vagus threshold is 
normally lower to epmephime, but the maximal effect is so much less 
than that of the sympathetic nerves that the action of the latter pre- 
dominates unless small amounts of epmephime are used The effect 
in man is difficult to interpiet in view of these conclusions Epigastric 
pains following the oral administration, which may or may not be due 
to contractions of the stomach, have been noted repeatedly in this series 
and have also been noted by Biems,’^- and by Aschner and Pisk^° 
Tenesmus was present in seventeen of thirty-one cases after lectal 
administration , this is also reported by Muirhead 

The statement of Danielopolu referred to, that epinephrine fie- 
quently increases the contractility of the stomach, is based on obser- 
vations made by him in which the stomach was observed by fluoroscopy 
following the administration of epinephrine by mouth Strong con- 
tractions of the musculature of the stomach were observed, on which 
grounds the writers refeired to feel that epinephrine is contraindicated 
in treatment for hemorrhage from gastric ulcer Katsch,-^ in 1913, 
using the loentgen ray, found that epinephrine effected motor inhibition 
of the gastro-intestinal tract Dickson and Wilson watched the effect 
of various drugs on the motility of the stomach undei fluoroscopy 
following a barium meal Epinephrine, in 0 5 cc of a 1 per cent solu- 
tion, given subcutaneously, inhibited peristalsis of the stomach for two 
minutes in the fiist three cases investigated, but did not have an appreci- 

21 Heinekamp, W J R The Sthenic Action of Adrenalin on the Intestines, 
J Lab & CUn Med 11 1062 (Aug ) 1926 

21a Menninger, W C, and Heim, H S The Rectal Administration of 
Epmephrin, Am J M Sc 172 425 (Sept ) 1926 

22 Muirhead, A L An Autograph History of a Case of Addison's Disease, 
J A M A 76 651 (March 5) 1921 

23 Danielopolu, D Substances Acting on the Vegetative Nervous System, 
Pans med 33 657 (May 20) 1925 

24 Katsch Fortschr a d Geb d Rontgenstrahlen 21 159, 1913 

25 Dickson, W H , and Wilson, M J The Control of the Motility of the 
Human Stomach by Drugs and Other Means, J Pharmacol & Exper Theran 
24 33, 1924-1925 
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able effect m the next seven In one case there was an apparent 
increase in depth of the peristaltic contractions Precaution was taken 
to use freshly prepared epinephrine, and the authors suggest that the 
discrepa.ncies were due to variations in the rate of absorption Intra- 
^ enous administration was not employed 

In two cases in the present study, 4 mg of epinephrine in a capsule 
was given by mouth, and the stomach was observed under the fiuoroscope 
following a barium meal The blood pressure did not vary in either 
case, and there was no apparent alteration from the normal gastiic 
peristalsis m either case 

It IS of interest to note that although Danielopolu and Carniol 
strongly advised against the use of epinephrine for hemorrhage in gastric 
ulcer, the method of therapy was suggested twenty-five years previously 
and has been extensively used since that time It was originally sug- 
gested by Grunbaum in 1900, who recommended one or two crushed 
5 gram (0 324 Gm ) tablets of the suprarenal extract Falta and 
Turin -® have used as high as 7 mg of epinephrine by mouth, three times 
a da}, as a method of controlling gastric hemorrhage, and they have 
obtained good results On this point, Wiggers^® concluded from his 
studies on the effect of epinephrine on intestinal hemorrhage that large 
doses were always contraindicated, but in cases in which bleeding has 
been profuse and a low blood pressure already exists, small doses (from 
0 01 to 0 025 mg ) administered by continuous intravenous injection are 
therapeutically desirable 

EFFECT ON GASTRIC SECRETIONS 

The effect on gastric secretion of epinephrine orally administered 
has received considerable attention, as well as the effect of gastric secre- 
tions on epinephrine Yukawa studied the effect of the ingestion of 
epinephrine in fifty cases , in forty-seven, he observed the increase of 
the secretion of hydrochloric acid In experimental work on dogs he 
was able to show that oral as well as intravenous administration was 
followed by augmentation in the gastric secretion Loeper and Verpy 

26 Danielopolu, D , and Carniol, A Action de I’adrenaline sur I’estomac de 
I’homme Voic intrar eineuse et voie gastnque, Compt rend Soc de biol 87 716, 
1922 

27 Grunbaum OFF Suprarenal Gland Extract as a Hemostatic, Brit 
:M T 2 1107, 1900 

28 Falta and Turin in Falta, W Endocrine Diseases, trans by M K 
Meiers ed 3, Philadelphia, P Blakiston’s Son & Company, 1923, p 361 

29 M iggers, C J The Effect of Adrenalin on Intestinal Hemorrhage, Arch 
Int ilcd 3 139 (3.1arch) 1909 

30 lukawa Khnischexperimentelle Untersuchungen der Adrenalin Wirkung 
auf die Magendrusen Arch f Verdauungskr 14 166, 1908 

ol Loeper and \ erpj L’action de I’adrenaline sur le tractus digestif, Soc de 
Biol JuK 28, 1917, quoted b\ Hernando Presse med 31 797 (Sept 19) 1923 
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weie able to demonstrate an increase in the secretion of gastric jmce, 
paiticularly of fiee hydrochloric acid, in man following administration 
of epinephrine by intramuscular injection Binet observed the 
increase in gastric secretion as well as an increase in the amount of 
hydrochloric acid The maximal amount is reached m an hour, and 
deci eases after an hour and thiity minutes 

In contrast to these observations, Rogeis, Rahe and Ablahadian®® 
produced an inhibition or at least a diminution of gastric juice following 
intravenous injection Boenheim usually obtained a decrease in the 
free acidit}', although sometimes an increase in the quantity of the gastric 
secretion occurred In expeiimental work on dogs, Hess and Gund- 
lach found that epmephiiiie always diminished the total quantity of 
gastric juice as well as the concentration of hydrochloric acid 

The work of Hernando somewhat explains these divergent results 
In nine cases m which he administered epinephrine by mouth, six showed 
an increase in the free and the total acid, and in the others it remained 
either constant or diminished An intravenous injection of 0 25 mg 
was usually followed by an increase, although a dose of 0 05 mg caused 
a diminution Amounts of the drug between these doses gave varying 
results The effect here may result because small doses stimulate the 
peripheral vagus apparatus, but the maximal effect of this system is so 
much less than that of the sympathetic nerves that the action of the latter 
predominates unless small amounts of the drug are used The authoi 
inteiprets the effect of epinephrine when administered by mouth as a 
consequence of the local action of the drug, or its derivative, on the 
glands of the stomach 

The effect of gastric secretion on epinephiine is variously described 
The drug is a weak base, its salts oxidize readily and are rapidly 
destroyed by strong acids and weak alkalis Lesne found that 
epinephrine is not destroyed by pepsin or pancreatin, although profusion 

32 Binet, L L’action cle I’adrenalin sur le tube gastro-intestmal, Presse med 
26 407, 1918 

33 Rogers, J , Rahe, J M , and Ablahadian, E The Stimulation and Inhi- 
bition of the Gastric Secretion Which Follows the Subcutaneous Administration 
of Certain Organ Extracts, Am J Physiol 48 79, 1919 

34 Boenheim Ueber den Einfluss von Blutdrusen-Extrakten auf die Magen- 
sekretion. Arch f Verdauungskr 26 74, 1920 

35 Hess and Gundlach Der Einfluss des Adrenalins auf die Sekretion des 
Magensaftes, Arch f d ges Physiol 185 T22, 1920 

36 Hernando, T Action de quelques medicaments sur la secretion gastnque, 
Presse med 31 797 (Sept 19) 1923 

37 Moore, B, quoted from Sollman, 1895, p 335 Wearn (footnote S), 
Satterthwaite (footnote 17) 

38 Lesne, E De 1’ administration de Tadrenaline par le voie digestive, Bull 
et mem Soc med d hop de Pans 44 800, 1920 
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of the liver deprives it of its toxicity either partially or entiiely 
Binet®= notes that it is not altered by pepsin, trypsin or by passage 
through intestinal capillaries Danielopolu explains the increase in 
contractility of the stomach on the administration of epinephrine by the 
fact that a large part of the drug is oxidized by the gastric juice, “while 
the intact small remnant may exert an action on the parasympathetic ” 

In summarizing the reports given m the literature, one is impressed 
by the diversity of opinion, as well as by the contrasting experimental 
and clinical observations 

The literature at hand shows that m some cases the pharmacologic 
effect of epinephrine on the stomach may stimulate peristalsis, while in 
other instances it inhibits this action The paradox is probably explained 
by the fact that the vagus system is stimulated by small doses, and when 
this maximal effect is produced, peristalsis results It is probably the 
same mechanism that operates in the case of gasti ic secretion 

Despite the simplicity of the explanation and its apparent validity as 
applied to the pharmacodynamics of epinephrine on the musculature of 
the stomach, it does not explain the variance in clinical results obtained 
in the oral administration of the drug There is a marked contrast 
between the results obtained in oral administration even by observers 
V ho have conducted special investigations in this field 

PRESENT STUDY 

The method used m the present series has been the same in all 
cases The patient is kept resting m bed for at least twelve hours pre- 
ceding the observation if possible Several control blood pressures and 
pulse readings are made before the drug is administered Epinephrine 
in doses varying from 2 to 6 mm is administered in a gelatin capsule 
on an empty stomach, after which blood pressuie and pulse leadings are 
made at frequent intervals over a period of at least an hour and as long 
as five hours if necessary In most of the cases determinations of the 
basal metabolism were made, either previous or subsequent to the 
administration of the epinephrine Twenty-eight observations have been 
made on twenty-one patients , sixteen of the cases were various forms of 
h} pel thyroidism , there was some suggestion of hypothyroidism in four 
of the remaining cases It is puiely speculation as to whether the con- 
dition of the thyroid function had any effect on the clinical manifestations 
of the drug, but in view of many reports of epinephrine sensitization in 
hyperthyroidism, it is my opinion that there is a definite, although ill 
defined, relationship 

39 Gioffredi, C La distruzione dell adrenalina nell’ organismo, Arch di 
farmacol sper 6 607, 1907 
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The cases in tins series can be divided into four groups according to 
the blood pressuie effects Decrease in blood pressure of from 2 to 10 
mm , nine cases , no change m blood pressure, six cases , increase m 
blood pressuie of from 5 to 15 mm , six cases, increase in blood pressure 
of from 15 mm and over, seven cases Besides the nine cases which 
showed a fall in blood piessure, there weie other cases which showed 
a slight fall at some stage in the observations, but in which the pre- 
dominating change was a rise 

In none of these cases was the fall m the blood pressure sufficient to 
wan ant infeience that it might be due to the drug The enforced rest 
probably adequately explains the change The second group of six 
cases in which theie was no change either in a rise oi fall of the blood 
pressuie, does not lequiie special comment In the six cases m which 
there was a use of fiom 5 to 15 mm , the mciease probably is explained 
on the basis of a slight emotional or physical restlessness during the 
course of the obseivation Only two of the patients m these case*: 
might be exceptions to this one voluntarily mentioned some abdomina. 
distress, and the other noted an increase in the tremor of the hands 

In the seven cases presenting a rise m blood pressure of 15 mm and 
over, the rise in the systolic pressure was as follows 16, 18, 20, 28, 30, 
50 and 110 mm The rise in diastolic pressure in all cases was approxi- 
mately propoi tionate to that of the systolic, but usually was not as great 
The pulse rate varies , m some cases it increases in proportion to the 
rise in blood pressure, while in othei cases it does not change even 
though there is considerable change in the blood pressure In these 
cases the duration of the rise m blood piessure varies, but m every case 
the duration is particularly noteworthy In contrast to the duration 
of the effects of mtiavenous or intramuscular administration of the 
drug, the shortest duration of the inci eased blood pressure in any of 
these cases is thnty-five minutes A second was thirty- six minutes, 
one lasted forty-eight minutes, two appioximately sixty minutes and two 
approximately ninety minutes 

While the lesults m diffeient cases show some variation, the data 
are given in thiee cases for illustiation 

Case 1 — NI W , a man, aged 45, who had been admitted to the hospital before, 
once with the diagnosis of chronic interstitial nephritis and the second time with 
the diagnosis of chronic valvular disease, had had exophthalmos and goiter for 
about three years 

When admitted to the hospital, he had marked tremor, dyspnea and enlarged 
heart and vomited The basal metabolism was plus 52 2 The blood pressure was 
197 systolic and 112 diastolic 

Chart 1 graphically sets forth the table of data On the day following the 
observation, the patient subjectively felt better than at any time previously during 
his stay m the hospital The pulse rate was 74, the lowest while the patient was 
in the hospital 
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Table l—Obsazatwns Made Five Days Subsequent to Ligation of Inferior 

Thyroid Arteiy in Case 1 



Time 


Blood Pressure 



Interval 



* 

\ 

Time 

(Minutes) 

Pulse 

Systolic 

Diastolic Comment 

8 45 


SO 

184 

98 


8 48 


82 

184 

96 


8 54 


78 

178 

94 


8 55 

Epinephrine 3 

mg tablets 

in gelatin capsule by 



mouth 





S 57 

3 

SO 

182 

9i 


9 00 

5 

60 

178 

90 


o 03 

8 

84 

1S2 

94 


9 05 

10 

80 

176 

96 


9 OS 

13 

78 

174 

94 


9 13 

18 

84 

212 

104 

Nausea 

9 16 

21 

SO 

234 

112 

Abdominal “cramps” 

9 19 

24 




Vomited 

9 21 

26 

100 

270 

120 


9 30 

35 

132 

290 

160 


9 32 

37 




Gljceryl trinitrate, 1/50 grain 






(0 001 Gm ) 

9 So 

40 

112 

285 

150 

Severe preeordial pain 

9 39 

44 

104 

268 

134 


9 41 

46 




Vomited 

9 44 

49 

96 

234 

140 


9 48 

53 

96 

230 

134 

Marked tremor of hands 

9 53 

58 

96 

234 

132 

Sweating, severe pain 

9 58 

63 

96 

228 

126 


10 05 

70 

90 

204 

116 


10 10 

75 

90 

192 

110 


10 15 

80 

90 

186 

100 


10 20 

85 

S8 

182 

100 


10 23 

90 

SC 

ISO 

lOO 


10 30 

95 

88 

178 

98 


10 15 

110 

SO 

176 

90 


2 00 

300 

SO 

182 

96 




Table 2 

— Obsei-vations Made 

in Case 2 


Time 

Interval 


Blood Pressure 


Time 

8 12 

(Minutes) 

Pulse 

134 

Systolic 

8 14 


132 

136 

8 10 


132 

136 

8 18 

4 mg epinephrine in capsule by mouth 

S 20 

2 

130 

134 


7 

126 

132 

8 29 

11 

132 

130 

8 31 

13 

130 

138 

8 oo 

17 

130 

136 

8 38 

20 

126 

132 

8 41 

23 

128 

144 

8 44 

26 

130 

164 

8 49 

31 


ICO 

8 '.1 

33 

134 

180 

8 53 

34 

134 

ISO 

8 53 

35 


164 

8 55 

37 

128 

158 

8 58 

40 

130 

150 

9 01 

43 

120 

146 

9 04 

46 

126 

138 

9 03 

40 

123 

138 

9 13 

55 

126 

130 


Diastolic Comment 


CO 

58 

58 

58 

58 

« 

60 

58 

70 Belehmg, “pain in stomach" 

76 Kausea 
SO Sweating 
90 Vomiting 
84 Less pain— “cramps" 

74 

74 Headache (no tremor) 

70 

70 Slight epigastric pain 
64 

62 >>o subjective symptoms remaining 
62 


ME N N IN GER— EPINEPHRINE 


711 



Chart 1 (case 1) — Effect of 3 mg of epinephrine on the blood pressure when 
administered by mouth in a capsule In these charts, the solid line indicates systolic 
blood pressure , the dotted line, diastolic 1 , epinephrine administered , 2 , vomited , 
3 , “cramps” began, 4 , vomited, 5, spirit of glyceryl trinitrate, 6 , vomited, 7 , pre- 
cordial pain most severe , 8 , marked tremor and 9 , sweating 



Chart 2 (case 2) —Effect of 4 mg of epinephrine on the blood pressure when 
administered by mouth m a capsule 1 , epinephrine administered, 2 , nausea, 
3 , sweating , 4 , vomiting and 5 , slight epigastric pain 
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Case 2 — I N , a woman, aged 30, had had exophthalmos, a moderately enlarged 
heart and a slight tremor for one year The basal metabolism was reported as plus 
90, but was not rechecked On the previous day, 2 mg of epinephrine had not 
produced any effect 

Case 3— J F, a man, aged 43, had been troubled with symptoms of hyper 
tliyroidism for four years goiter, exophthalmos, tachycardia and tremor He had 
been operated on about three years previously, but had not obtained relief The 
inferior thyroid arteries were ligated on Jan 23, 1925 The basal metabolism on 
Feb 17, 1925, w'as plus 60 

In the total senes, certain systemic effects from the drug other than 
changes in the blood pressure were noted as shown m table 4 

The most frequent symptom, abdominal distress, varied in character 
from severe abdominal cramps to only a sensation of burning In one 



Chart 3 (case 3) — Effect of 3 mg of epinephrine on the blood pressure when 
administered b\ mouth in a capsule 1, epinephrine administered, 2, "burning” 
sensation in epigastrium , 3, nauseated , 4, “choking” sensation and 5, no subjective 
sensation remains 


case the patient described the sensation as that of weight In seventeen 
cases in which the basal metabolism was recorded, there was no apparent 
relationship bettveen the basal metabolism and the effect of the drug by 
this method of administration Various types of cases of hyperthyroid- 
ism with approximately equal metabolic rates do not give the same effect 
with oral administration In two cases larger doses produced slightly 
more marked effects, while in three other cases an increase in the amount 
of the drug on the second observation did not produce further effects 
The interpretation of these results is difficult, if not impossible, from 
the knowledge now' at hand On the assumption that the vagus system 
IS stimulated by smaller doses and the sympathetic system by larger 
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doses, it would be expected that in cases m which a small dose is effective 
in producing abdominal distress, a larger dose should give no response 
However, as has been noted, the response was greater with an increased 
dose in two cases Peristalsis has occurred m this series, as well as in 


Table 3 — Obscivattous Made i» Case 3^ 



Tune 


Blood Pressure 


Interval 



> ^ 

Time 

(Minutes) 

Pulse 

Svstolic 

Diastolic Comment 

S 57 


96 

123 

60 Systolic sound distinct, diastolic 





poorly defined, fades avay 

9 00 


96 

127 

dS 

9 04 


95 

126 

58 

9 07 

3 mg epinephrine in capsule by mouth 

Supper at 6 30 

9 09 

2 

90 

120 

48 

9 14 

7 

94 

118 

40 

9 IS 

11 

94 

113 

50 

oa 

14 

94 

128 

50 

9 23 

16 

94 

130 

50 

9 25 

IS 

91 

134 

60 

9 a 

20 

9S 

136 

60 “Burning” sensation in epigas 





tnum, sense of pressure or 





weight in epigastrium, not 





nauseated 

9 29 

22 

9S 

142 

6t 

9 31 

24 

9S 

145 

64 

9 34 

27 

93 

150 

68 

9 36 

29 

93 

fl56 

70 Kauseated, no acute distress 

9 39 

32 

100 

156 

65 “Burns” under sternum 

9 42 

35 

93 

130 

02 “Choking” sensation, respiration 





slightly mcreised 

9 44 

37 

94 

148 

64 

9 47 

40 

94 

148 

64 

9 61 

44 

94 

142 

60 3S’o sensation remains 

9 56 

49 

94 

142 

62 

9 59 

52 

96 

130 

60 

10 03 


94 

133 

60 Changed position in bed 

10 05 

5S 

94 

ISO 

60 

10 09 

62 

94 

133 

GO 

10 14 

67 

91 

140 

60 

10 20 

73 

94 

133 

62 

10 23 

76 

94 

130 

56 

10 27 

SO 

92 

132 

58 

10 34 

S7 

92 

130 

58 

10 44 

97 

92 

124 

56 

10 49 

102 

92 

122 

58 

11 02 

115 

90 

118 

55 

U 07 

120 

90 

120 

56 

i Patient has occasional 

cvtnsvstolcs at this point, single beats came through (systolic 

pressure) as high as 16S mm 




*A 

repetition of this observation five months 

later after the administration of i mg of 

epinephrine did not produce 

an\ 

olTcct Ihe patients basal metabolism at that time v*as 

plus 10 





Table 4 — Symptoms Mamfcslcd Ajtc 

r Advmnshatwn of Epincphrme 


Abdominal distress 



6 cases 


Substernal distress 



4 cases 


Respiratory distiess 



4 cases 


Nausea 



3 cases 


Tremor 



3 cases 


Sweating 



2 cases 


Vomiting 



2 cases 


Headache 



1 case 


Drvness of the month 


1 case 


the series of rectal administration, with sufficient frequency to leave no 
doubt concerning the stimulation of the vagus system on those occasions 
The absence of peristalsis does not signify a stimulation of the sympa- 
thetic system, although such may be the case The effect that the various 
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gastric and duodenal secretions may have on the drug is also difficult, i{ 
not impossible, to state In those cases in which peristalsis resulted 
there probably was also a stimulation of secretory activity which at least 
theoretically should have destroyed the drug In cases in which peristalsis 
was not appal ent, the secretory activity may have been inhibited, it 
certainly was not stimulated, consequently in the absence of secretion, 
destruction of the drug would be delayed, and the systemic effects would 
be more marked, however, this was not observed 

The effects on the blood pressure may be a secondary lesult of the 
drug The local effect in the stomach was to produce peristalsis and 
general distress The abdominal cramps associated with the patient’s 
consequent tenseness may, to some degree, explain the rise in blood 
pressuie To be certain that it was due to absoiption would be neces- 
sary in order to test the blood for the presence of epinephrine , this was 
not done However, in the presence of other systemic manifestations 
such as dryness of the mouth, increase in the tiemor or respiratory dis- 
tress, it seems probable that the effect on the blood pressure was 
primal ily the result of the drug in the blood stream 

The vasoconstncting quality of the drug makes it unlikely that its 
administration by mouth will be effective Undoubtedly, it is destroyed 
m the presence of strong acids and even of weak alkalis , consequently, 
when they are present m the stomach in sufficient quantity, the drug will 
be destroyed before it can be effective From these experiments, it 
seems unlikely that it would be of any value and certainly might be of 
considerable harm in gastric hemorihage There is not sufficient evi- 
dence to show that the oral admimsti ation is effective in small doses, 
such as are often lecommended, and in larger doses its effectiveness is so 
inconstant and unreliable that admmisti ation by this method is not to 
be commended 

CONCLUSIONS 

1 The oral administration of epinephrine is inconstant and unreli- 
able, and for this reason it cannot be satisfactorily used for therapeutic 
purposes or for any form of sensitization tests 

2 The oral administration of the drug in man produces effects 
which have not as yet been explained m the light of animal experimenta- 
tion 

3 Despite the generally expressed opinion to the contrary, epine- 
phrine is absorbed in the gastro-intestinal tract (other than the mouth 
and throat) in certain cases as evidenced by changes in blood pressure, 
increased tremor, sweating, abdominal distress and other systemic 
manifestations of the drug 



PERICARDIAL PAIN 


AN EXPERIMENTAL AND CLINICAL STUDY 
TOSEPH A CAPPS, MD 

CHICAGO 

In a peiusal of the literature one encounters diverse opinions con- 
cerning the lole of pain in pericarditis 

Strumpell ^ says 

Pam may be felt in the cardiac region and often in the epigastrium, but is 
absent in many cases Dyspnea and pectoral distress are almost constant 

Hiischf elder,- considers that “In simple fibrinous pericarditis, pre- 
cordial pain is the most striking symptom ” 

Musser,” sa^s 

Pam IS frequently present, it may be lancinating, dull or heavy, localized in 
the fourth and fifth spaces or referred like angina pectoris, but modified by 
pressure 

Pick and Hecht write 

Pericarditis usually causes discomfort which is localized in the region of the 
heart and is described as pressure Pronounced pain may be present radiating 
to the arms and shoulders Epigastric pains have also been observed 

Norris and Landis ^ assert 

Pam may be entirely absent or may be of a very sharp, stabbing character 
Usually it is felt over the heart, but it may radiate into the abdomen, to the left 
side of the neck or shoulder Often it is increased by movement, deep breath 
or cough Tenderness may be elicited by pressure m the region of the apex 
Also there may be a feeling of oppression or tension m the precordium 

Mackenzie,® on the other hand, says 

Dry pericarditis is essentially a painless complaint This curious painless- 
ness has long puzzled me When pains are associated with pericarditis it will 
invariably be found that there is evidence of myocardial affection 

’'■Read before the Association of American Phjsicians, May 3, 1927 

1 Strumpell Text Book of Medicine, 1893 

2 Hirschfelder, A D Diseases of Heart and Aorta, Philadelphia, J B 
Lippmcott Company, 1910 

3 Musser, J H Medical Diagnosis, Philadelphia, Lee and Febiger, 1913 

4 Pick and Hecht Clinical Symptomatology, New York, D Appleton & 
Company, 1911 

5 Norris and Landis Diseases of the Chest, Philadelphia, W B Saunders 
& Company, 1918 

6 Mackenzie, J Diseases of the Heart, New York, Oxford University 
Press, 1908 
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It IS of mteiest to note that many years before Head/ found that 
“Pericardial pain like that of pleurisy is local, with more or less deep 
tenderness ” He thought the pain was never referred 

Levine® refers to “precordial pain as the most chaiactenstic com- 
plaint in pericarditis and in rheumatic patients a very common one ” He 
quotes Sibson as having found pain present in 70 per cent of his series 
“The pain is apt to be sharp, stabbing, aggravated by cough and deep 
breathing and may extend to the shoulder, arm, neck or abdomen In 
older people and in nephntics pain need not be present ” 

A graphic description of acute pericarditis is given by Allbutt ® 

There may be neither symptom nor sign Usually the patient complains of 
a dull, wearisome ache rather than an acute pain In other cases the distress 
varies from slight discomfort to a severer pain aggravated by movement, deep 
inspiration or cough It may be seated m the epigastrium or reflected towards 
the neck and shoulder blade and shoulder Finally the pain may be retrosternal, 
especially in the angino-form attacks If the phrenic nerve be engaged, two 
tender points may be observed, one over the sterno mastoid muscle, the other 
at the xiphoid Not infrequently there is pain on swallowing 

To reconcile these seemingly conflicting statements it is obvious that 
one should have more accurate knowledge of the exact location of the 
inflammatory process responsible for each clinical pain picture described 

A simple pericarditis involves only the serous layers of the peri- 
cardial sac According to Allbutt, the inflammation may extend upward 
involving the sheath of the aorta and thereby produce symptoms of 
angina 

The fibrous pericardium is in contact anteriorly and posteriorly with 
the pleural membranes, while laterally it is in close contact with the 
mediastinal portion of the parietal pleura The base of the pericardium 
IS attached to the central tendon and to the adjacent part of the muscular 
substance of the diaphragm As a result of these close relationships, it 
IS apparent that extension of a serous pericarditis through the fibrous 
sac may set up pleuropericarditis m different localities Conversely, it 
IS a common event for an inflammation of the anterior or posterior 
mediastinum or of the diaphragmatic pleura to extend inward to the 
serous pericardial sac 

When one considers that pericarditis may be confined to the serous 
lining alone, or be associated with inflammation of the fibrous layer or 
of the adjacent costal and diaphragmatic pleura, it is not surprising that 
the pain phenomena are variable 

The purpose of this study is to determine, as far as possible, what 
structures within and adjacent to the pericardium are capable of pro- 
ducing pain and what laws govern the distribution of this pain 

7 Head, H Brain 19 153, 1896 

8 Levine Nelson’s Loose Leaf kledicine 4 182, 1920 

9 Albutt, C Oxford Sjstem of Medicine 2 261, 1920 
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The most lehable evidence beaiing on this question is to be obtained 
by diiect nutation of the vaiious stiuctuies within and aiound the peri- 
caidial sac and the caieful lecoidiiig of painful sensations thereby 
induced, both with lespect to quality and localization Such observa- 
tions, of couise, cannot be made on animals, and only exceptionally does 
the oppoitumty piesent itself in man In the piesence of a large peri- 
caidial effusion which displaces the lung, I have found conditions 
favoiable to the making of pain tests during the theiapeutic diainage of 
the fluid 

Aftei caieful oiientation of the peiicardial boidei by means of per- 
cussion and the loentgen lay, the skin is anesthetized with ethyl chloiide 
and a tiocai mseited not fai lateially fiom the left boidei The fiist 
thiust thiough the paiietal pleuia is always accompanied by the chaiac- 
teiistic local pain This is allowed to subside befoie the second thrust 
is made through the pencaidial membrane The presence or absence of 
pain fiom this penetiation is noted Befoie withdi awing much fluid a 
silvei wire is intioduced thiough the hollow cannula and the heart and 
seious walls stimulated by pressure of the point and by sciatching move- 
ments, as extensively as possible By making eveiy movement deliber- 
ate and by assuiance of the patient, this can be peifoimed with little 
discomfoit and with coopeiation 

The clinical study of peiicardial pain is made difficult by the frequent 
association of pericaiditis with disease of the heait and with disease 
of the neaiby lungs and pleuiae In order to reduce the problem to the 
simplest teims, I have chosen only the less complicated cases foi study 
I have puiposely avoided cases of the peiicaiditis complicating pneu- 
monia, tubeiculosis and aneuiism because of the inci eased difficulties 
of iiitei pretation Whenevei possible the exact natuie and location of 
the lesion has been confirmed by loentgen-iay examination and necropsy 

Foi convenience, my obseivations have been divided into the follow- 
ing groups 

1 Experimental Results 

Pam caused in penetrating the pericardial sac and the sensation produced 
by exploration of the parietal and visceral portions of the serous layer 
with a silver wire were noted in tapping pericardial effusion 

2 Clinical Observations ' 

(a) Acute and subacute pericardial effusions 

(b) Dry pericarditis 

(c) Dry pericarditis following coronary thrombosis , 

(d) Pleuropericarditis 

EXPERIMENTAL RESULTS 

Case 1 — R J had had tuberculous pericarditis of several weeks’ duration, 
accompanied by a large bloody effusion Paracentesis was performed with a 
trocar in the fourth left interspace, well outside the mammary line As the 
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parietal pleura was pierced there was the well known, sharp, localized pain 
Pam was not experienced as the pericardium was entered either over the heart 
or elsewhere A silver wire was introduced through the hollow cannula Contact 
with and scratching of heart and parietal pericardium did not cause pain A 
second tapping in the same locality a week later gave identical results (fig 1) 
Case 2 — J N had had chronic tuberculous pericarditis with large effusion 
Paracentesis was performed in the fourth left interspace outside the mammarv 
line Piercing the pericardial sac or pressure of wire on the heart and on the 
serous covering of the sac w’all did not cause pain When the wire passed under 
the apex and produced a “tripping,” the patient complained of a “queer aching” 
sensation over the area of the heart “like pressure ” 

Case 3 — T W had subacute rheumatic pericarditis with large effusion 
Paracentesis was performed in the fifth left interspace lateral to the mammary 
line As the trocar pierced the pericardium the patient complained of a sharp 
pain in the midtrapezius ridge, a pain in marked contrast to the local pain expe- 



Fig 1 (case 1) — Showing the method of exploration in a case of pericardial 
effusion Paracentesis of the pericardium at the fourth space, irritation of the 
serous pericardium and irritation of the heart did not produce pain Second 
paracentesis in the fourth space gave similar results 

rienced when the parietal pleura was punctured Pressure and scratching of 
the tip of the silver wire over the surface of the heart and the inner pericardial 
wall did not cause pain 

A second paracentesis in the sixth left interspace outside the mammary line 
also caused pain in the neck m the same area as in case 3 Exploration of the 
inner sac again did not cause a sensation of pain (fig 2) 

Case 4 — ^A E had subacute rheumatic pericarditis with effusion Para- 
centesis was performed in the fifth left interspace outside the left mammary 
line Piercing the wall of the chest and parietal pleura caused local pain 
Piercing the pericardium gave rise to a sharp, lancinating pain over the outer 
third of the trapezius ridge Pressure of the wire point and a scratching move- 
ment o\er the heart and over the posterior and lateral portions of the inner 
wall did not cause pain “Tripping” the heart apex with the wire produced 
skipped beats and an “uncomfortable feeling” over the heart, but without pain 
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COMMENT 

It Will be noted that in thi ee instances in which the pei icardium was 
piinctnied at the level of the fourth iiitei space pain was not experienced, 
while in the two punctiiies at the level of the fifth space and one at the 
sixth space, pain was felt in the neck 

Fiom pievious expeiiinents earned out by the wiie method, it is 
known that nutation of the pleuia coveiing the diaphiagm from the 
pel icai dial junction to a shoit distance fiom the costal attaclunent also 
gives use to pain in the neck One may leasonably conclude that 
afferent fibeis of the phienic neive supply the cential poition of the 
diaphiagm and extend upwaid to a distance of fiom 1 to 2 inches 
(2 5 to 5 cm ) ovei the suiface of the fibious peiicaidium (fig 3) 



Fig 2 (case 3) — Showing the results of exploration in a ease of pericardial 
effusion Paracentesis of the pericardium m the fifth space and paracentesis 
in the sixth space produced pain in right trape/ius region Irritation of the 
serous pencardum and irritation of the heart did not produce pain 

The nutation from the wire of the seious peiicaidium ovei lying the 
heait seems to demonstrate that this aiea is insensitive to pain, but as 
It was impossible to exploie the investing sheath of the aorta and pul- 
moiiaiy aitery, one should not assume that the sense of pain is absent 
The lateral walls of the seious pericaidium weie nutated by the wire 
at many points, always with negative lesults The base of the peri- 
caidial sac could not always be satisfactoiily exploied on account of 
the impeding motion of the left side of the heart, but all ^attempts to 
elicit pain m this aiea weie fiuitless 
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CLINICAL OBSERVATIONS 

(A) CJuomc Peucaidtal Effusion — The following are illustrative 
cases 

Case 1 — R J had chronic tuberculous pericarditis with large effusion The 
patient was not seen when the condition was in the acute stage Friction 
sounds were not heard over the heart or lungs Orthopnea, dyspnea and 
distress and oppression over the region of the heart were experienced Sharp 
pain did not occur over the heart or in the chest, neck or shoulder 

Case 2 — C T had chronic pericarditis with large effusion, probably tuber- 
culous Dyspnea and orthopnea were present Deep pressure over the heart 
did not cause tenderness There was no pain over the heart, chest, neck or 
shoulder While under observation during tbe subsidence of the effusion, a 
to-and-fro friction appeared for two or three days, but was not associated with 
pain 



Fig 3 — Shading shows portion of fibrous pericardium and central diaphragm, 
irritation of which gives rise to neck pain 

Case 3 — A E had had rheumatic pericarditis with effusion of two weeks’ 
duration A sense of precordial tightness and oppression was felt, but there 
was no pain over the heart, chest or neck Pressure over the heart did not 
cause tenderness On the fourth day of observation, a distinct to-and-fro friction 
was audible over the base, continuing for several days, but without pain 

Case 4 — J N had chronic tuberculosis pericarditis with effusion Dyspnea 
and a tight feeling over the sternal region were experienced Pam was not felt 
over the heart, chest, neck or shoulder Pressure over the precordium did not 
cause tenderness 

{B) Diy Peucai ditis — The following are illustrative cases 

Case 1 — L L had fibrinous pericarditis developing as a late complication 
in a case of septicemia There was also hemolytic streptococcus infection with 
gangrene of the leg Thirty-six hours before death the patient developed a 
distinct to-and-fro friction over the apex of the heart Although his mind 
was clear he did not feel nain or distress over the heart or tenderness to 
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deep pressure At postmortem examination, a patch of fresh fibrinous exudate 
was found over the left ventricle and apex Pleurisy was not present 

Case 2 — A C had dry pericarditis and terminal endocarditis A loud fric- 
tion rub was heard over the whole area of the heart A grating sensation could 
be felt with the hand There was a slight rise of temperature Distress or pain 
of any kind was not felt over the heart, chest or neck Deep pressure did not 
elicit tenderness At necropsy two daj's later, a rich fibrinous exudate was 
found covering the heart and the complete serous lining of the sac The patient 
did not have pleurisy 

Case 3 — A C had dr}' rheumatic pericarditis To-and-fro friction sounds 
were heard over the upper sternal region Pulmonary or pleural involvement 
was not present Slight dyspnea and a sense of distress were experienced, but 
aching or pain was not experienced over heart, chest or neck Deep pressure over 
the precordial region did not elicit tenderness 



Fig 4 (case 2 — 2) — Typical dry pericarditis with to-and-fro friction sounds 
over whole area of the heart Necropsy revealed universal fibrinous exudate 
over the heart and serous pericardial sac Pam was not experienced m the 
region of the heart at any time 

Case 4 — L McW had dry tuberculous pericarditis There was an old tuber- 
culous lesion of the left apex of the lung, showing in the roentgenogram as a 
practically healed fibrous thickening The pericardial friction appeared after 
a chilling and cold in the head Although the friction persisted for several 
days, there was never any cardiac distress, dyspnea or pain Deep pressure 
did not cause tenderness over the region of the heart 

(C) Diy Pencard'ihs Following Coionary Thiombosis — It is well 
known that within a few days of the onset of an infectious coronary 
thrombosis a fibrinous pericarditis is likely to develop Since in these 
cases there usually is no complication of the pleura or the lung, there is 
an excellent opportunity to observe any change in the subjective symp- 
toms at the time the pericarditis manifests itself 

Case 1 — A E had dry pericarditis appearing on the fourth day after an 
attack of coronary thrombosis The anginal pain was a dull ache over the heart 
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with referred pain to the left shoulder The temperature was elevated 
With the development of the friction sounds, the patient was not aware of any 
new sensation of pain or distress or of aggravation of the angina pains He 
died on the seventh day 

Case 2 — C G had coronary thrombosis accompanied by anginal cardiac 
pains in the shoulder and arm, and fever On the third da}’’ after the onset a 
to-and-fro pericardial friction was heard over the lower sternal region The 
cardiac pain was not in any way influenced by the pericarditis and new pain 
was not experienced The patient died three weeks later 

Case 3 — E L had coronary thrombosis accompanied by typical anginal pain 
over the heart and slight fever On the third day after the onset a distinct 
friction sound was audible over the lower half of the sternum At the time of 
the appearance of the pericarditis the anginal pain was no longer severe The 
patient was npt aware of any new type of pain or of any aggravation of the 
anginal pain as a result of the pericarditis After a prolonged period of rest 
the patient recovered 

Case 4 — H J had coronary thrombosis accompanied by continuous cardiac 
pain and slight fever On the fourth day, a to-and-fro friction was heard over 
the apex of the heart There was no change in the character of the cardiac 
pain at the onset of pericarditis and no increase in the anginal pain The patient 
died on the fifth day 

(D) Plow opeucai diUs, Complicaimg Diy Pencaidihs — The com- 
plication of pleuiopericaiditis on a tiue seious pericarditis is responsible 
for many of the peculiar pain complexes that have caused confusion m 
diagnosis A dry pericarditis can be recognized by the presence of a 
friction lub, synchronous with the heart movements, and usually by 
that sign only On the other hand, a pleuropencarditis in the medias- 
tinal regions or along the diaphragm, may not manifest any 
auscultatoi}' signs, but must be identified by the peculiar and charac- 
teiistic reference of the pain, which is influenced not by the beat of the 
heart but by deep inspiration, cough or movements of the chest 
A few illustrative cases aie cited 

Case 1 — C C H had pleurisy, pleuropencarditis and pericarditis of unknown 
infectious origin On the first day, a pleuropericardial friction rub was heard 
over the apex region of the heart A sharp catchy pain was felt at this point 
and tenderness to pressure At the same time a sharp pain was felt over the 
outer third of the trapezius ridge, also tender to pressure The pain in both 
locations was induced by deep inspiration and by coughing These symptoms 
are explained by a parietal pleurisy and by a pleurisy near the junction of the 
diaphragm and pericardium On the second day, a pleural friction was heard 
above the nipple associated with sharp pain localized over this region This is 
undoubtedly due to a restricted parietal pleurisy On the fourth day a to-and-fro 
friction was audible over the sternal region, not influenced by breathing and not 
associated with pain — an involvement of the serous pericardium 

Case 2 — H P had pleuropencarditis involving the diaphragmatic pleura, 
following tonsillitis (fig 5) A friction rub was heard for two days below the 
apex of the heart, influenced both by the motion of the heart and by respiration 
At the onset the patient complained of a sharp, severe pain in the neck at the 
junction of the middle and upper third of the trapezius ridge, also of a severe 
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pain over the navel, with hyperalgesia of the upper left quadrant of the abdomi- 
nal wall Both of these points of pain were tender to pressure After two days, 
the friction disappeared and the pain gradually subsided 

The roentgen-ray examination showed a definite blurring and cloudiness of 
the left diaphragmatic pleura especially at the pericardial angle The referred 
pain along the phrenic nerve gave a clue to the location of the inflammation, 
and the referred pain to the abdomen indicated the probable involvement of 
the margin of the diaphragm with pain referred through the intercostal nerves 
Case 3 — Y had dry pericarditis of rheumatic origin with plcuropericarditis 
For several days a to-and-fro friction rub could be heard over the upper and 
lower sternal region Pain did not accompany the pericardial friction, when 
suddenly the patient complained of a sharp pain in the neck in the upper third 
of the trapezius ridge This pain was induced by deep inspiration and was 
probably due to an involvement of the lower part of the fibrous pericardium or 
to the adjacent diaphragmatic pleura 



Fig 5 (case A — 2) — Plcuropericarditis, dry serous pericarditis, dia- 
phragmatic pleurisy following tonsillitis Pain was not felt over the area 
of the heart Pam was referred to the neck (from the lower fibrous pericardium 
and central diaphragmatic pleura), and to the navel (from the outer margin of 
diaphragmatic pleura) and was induced by deep breath and cough A roentgeno- 
gram showed thickening of the fibrous pericardium and diaphragmatic pleura 

Case A — D E had dry pericarditis and plcuropericarditis complicating a 
rheumatic arthritis Friction sounds were heard over the lower two thirds of 
the sternal region at first to-and-fro, later induced only by deep breathing 
Endocardial murmurs were not distinguished Pressure sensation over the 
sternal region was marked It felt "as if the chest were bruised inside” A 
deep breath caused a distinct catch over the sternum like a pleurisy, and it 
hurt him to move from side to side Tenderness to deep pressure over the 
sternum and the parasternal spaces was marked 

The relation of the friction to respiration and the definite relation of the 
pain to deep inspiration and movement, together with the local tenderness, 
strongly suggest a mediastinal involvement of the pleura and pleuropencardium 
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Case 5 — M had pericarditis, pleuropencarditis and diaphragmatic 
pleurisy following osteomyelitis After a chill and rise in temperature, a friction 
sound was heard over the lower sternal and parasternal regions, associated with 
sharp pains in the same location at the end of deep inspiration or cough This 
was considered a parietal pleurisy in the anterior mediastinum 

Soon after this two points of acute pain appeared, one over the outer third 
of the trapezius ridge, the other at the left costal border near the tenth rib, 
both induced by deep breathing and cough This was interpreted as a dia- 
phragmatic pleurisy extending over both central and peripheral areas 

On the third day a to-and-fro friction sound was heard over the midsternal 
region, but not accompanied by pain This was a serous pericarditis 

SUMMARY 

1 Paracentesis of the pericardium at the level of the fifth and sixth 
interspace lateral to the mammary line elicited pain in the neck at a point 



Fig 6 — Distribution of sensorj^ fibers of phrenic nerve to the lower part of the 
fibrous pericardium and the diaphragmatic pleura The afferent impulses flow into 
the cervical cord and are reflected to the neck region 

along the trapezius iidge, at the level of the fourth interspace, para- 
centesis caused no pain Previous expeiiments have shown that when the 
central portion of the diaphiagmatic pleura is irritated this also gives 
rise to pain in the neck Hence one may infei that the phrenic nerve 
supplies the central diaphragm and at least the lower portion of the 
fibrous pericardium with fibers that carry afferent impulses 

2 Exploration of the inner surfaces of the pericardium with a silver 
wire failed to induce any response of pain m the serous membrane 

3 Pressure on, and scratching of, the pericardial investment of the 
heart itself did not produce pain, although “tripping” the apex with the 
wire induced a peculiar feeling of distress and apprehension 




CAPPS— PERICARDIAL PAIN 


725 


4 In four cases of subacute and chronic pericarditis with large 
effusion, the patients complained of dyspnea and often of a sense of 
oppression over the heart, but they did not feel pain over the heart, 
chest, neck or aim Deep pressure over the precordium did not cause 
tenderness 

5 In four cases of simple dry pericarditis with to-and-fro friction 
sounds, two patients experienced dyspnea and one a "tight feeling” 
over the heart, the other two did not have distress of any kind None 
had sharp pain ovei the heart, chest or neck Deep piessure over the 
precordium did not cause tenderness 

6 In a group of four cases of infective coronary thrombosis, the 
advent of a dry pericarditis was observed with leference to pain These 
patients had had a degree of continuous anginal pain over the cardiac 
region, but the complication of dry pericarditis did not alter this symp- 
tom and did not in any instance give rise to new pain or distress over the 
heart 

7 From a study of the foregoing groups (paragraphs 5 and 6) one 
may conclude that a simple dry pericarditis (serous layers) may produce 
a sense of precordial tightness and moderate dyspnea, but as a rule does 
not cause subjective symptoms Actual pain did not occur in any case 
These observations taken together with a failure to provoke pain by 
mechanical iiritation of the serous pericardium, lead me to believe that 
dry pericarditis is usually a painless disease, as Mackenzie has stated 

8 The presence of pain with pericarditis usually indicates the 
involvement of the tissues outside the pericardium, especially the pleura 
Pleuropericarditis may create a vaiiety of pain complexes depending on 
the location of the disease Anterior mediastimtis, by involving the 
parietal pleura, causes direct local pain, aggravated by inspiration, and 
with tenderness on pressure A pleuropericai ditis near the attachment 
to the diaphragm, with or without involvement of the diaphragmatic 
pleura, gives rise to pain in the neck by way of the phrenic nerve Pos- 
terior mediastimtis may involve the parietal pleura and cause dorsal 
pain Pleurisy is a common complication of the pericarditis in pneu- 
monia and rheumatism, wheieas it is infrequent in the pericaiditis of 
nephritis and other teiminal diseases This probably explains the "pain- 
less” character of the nephritic pericarditis and the relatively painful 
picture commonly attiibuted to the rheumatic type 

9 There is good authority for believing that pericarditis may at 
times be associated with angina-like pains, which are explained by 
Allbutt as being due to the extension of the inflammation in rare cases 
to the region of the aorta and perhaps even to an invasion of the aorta 
Further investigation of the pathologic anatomy in this group is needed 
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INTRODUCTION 

The Combination of Oil with Iodine — ^The value of iodized oil as 
a diagnostic agent in diseases of the lungs depends on two properties 
the opacity to the roentgen ray, owing to the high iodine content, and 
the nonirritating quality of the substance 

Oils combined with iodine or bromine were originally used as thera- 
peutic agents in medicine They were administered by mouth and by 
subcutaneous injection The conception of using such a combination 
was associated with the empiric use of cod liver oil, the beneficial effects 
of which were attributed to the richness of the drug m iodine It was 
also noted that iodides, valuable medicaments by themselves, were par- 
ticularly useful when combined with fats Moreover, the tolerance to 
iodine when combined with lipoids was consideied higher than that to 
other preparations, such as sodium or potassium iodide 

It has been shown experimentally that fat which has absorbed about 
30 per cent of iodine can be given m large amounts intramuscularly with- 
out marked local reaction The older writers produced evidence to show 
that iodine is partly excreted by the kidneys and partly deposited m the 
adipose tissue of the organism, where, it was believed, it became 
identified with the fat of the host In view of this fact, it was con- 
sidered as a perfect combination for the administration of iodine, 
particularly when high doses were required 

From a chemical standpoint, halogens combine readily with fatty 
substances or oils when the latter contain unsaturated fatty acids 
W internitz ^ was the first to introduce a combination of iodine and oil 
The iodized oils now used in roentgenology are prepared according to 
the original method devised by him The content of iodine is, however, 
increased from 10 and 25 per cent to as high as 40 per cent Only oils 

* From the Surgical Laboratory of the Peter Bent Brigham Hospital, and 
the Laboratory for Surgical Research, Harvard Medical School 

1 Winternitz, Hugo Ueber Jodfette und ihr Verhalten im Organism, 
Ztschr f physiol Chem 24 425, 1898 
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of the oleic gioup, such as poppy oii, are recommended Oils rich m 
fatty acids are consideied unsuitable for medical purposes 

The Absorbing Powei of the Lungs — Physiologists of the first half 
of the 19th century regarded the lung as an excellent absorbing sur- 
face Cohn - injected six liters of water into the lungs of a horse via 
the tiachea without causing any noticeable discomfort to the animal 
and in another experiment he introduced 25 liters of water within six 
hours Duiing the course of this experiment, he withdrew 6 liters of 
blood without apparent ill effect on the animal Magendie ® and other 
pltysiologists have shown that strychnine and other poisons or toxins are 
quickly and completely absorbed when injected into the trachea Thus 
potassium iodide so introduced appears m the uiine within five minutes 
following the injection 

The brilliant experiments of Claude Beinaid^ along the same line 
are in complete accord with those of Magendie and Cohn 

The absorbing property of the lungs, and the apparent harmlessness 
of making injections into them naturally attracted the attention of the 
clinician The older physician explained his failure m the treatment of 
patients with various pulmonary conditions on the basis that these 
oigans could not be attacked directly by drugs The motto "Corpora 
non agunt nisi fixata” was narrowly interpieted, and methods were 
looked for to bring the drug m direct contact with the lung "It sounds 
illogical,” writes Delor ® from piofessor Hayem’s clinic, "to think that 
in angina, cystitis, enteritis, and even in affections of the spinal cord, 
the very focus of infection is attaclced, whereas in pneumonia and 
bronchitis one treats the patient with drugs absorbed through the 
stomach and by revulsives ” 

It may be of interest that the first to apply intratracheal medication 
was a New York physician, Horace Green ° He treated thirty-two 
tuberculous patients with injections of strong solutions of silver nitrate 
(6 per cent) intratracheally His clinical protocols indicated good 
results, but under the severe criticism of the New York Academy of 
Medicine he was obliged to discontinue his method Subsequently it 
has been used widely in veterinary practice, and it has been revived 

2 Cohn, J Traite de physiologic comparee des animaux, 1873, vol 2, 

p 108 

3 Magendie, quoted by Cohn ( footnote 2) 

4 Bernard, Claude Leqons sur les effets des substances toxiques, 1857 

5 Delor, J Des injections intratracheales vraies et directes dans le traite- 
ment broncho-pulmonaires. These de Pans, 1901 

6 Green, Horace De I’emploi des injections dans les bronches et les 
cavernes tuberculeuses, Gazette hebd de med et chir , Nov 30, 1855, p 831 
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as a therapeutic agent in human beings during the last two decades of 
the 19th century 

With the wide clinical application of the roentgen rays, the idea of 
visualization of the bronchial tree occurred to numerous persons,® but 
Sicard and Forestier ° were the first to make intratracheal injections of 
iodized oil (hpiodol) This substance is similar to that produced by 
W mtermtz 

Recent literature abounds with reports concerning its clinical and 
roentgenologic use The experiments herein reported are concerned 
with the action of the iodized oil, introduced intratracheally, on the lungs 
of animals 

EXPERIMENTS AND THEIR INTERPRETATION 

Material and Technic — Full grown cats were used m the experiments A 
carnivorous animal was chosen for the experiments, because it was thought to 
possess superior ability over herbivorous animals to metabolize quantities of fat 

Lipiodol (Lafay) or lodipin (Merck) 40 per cent in amounts varying from 
1 to 10 cc heated to body temperature was injected into the trachea of the 
etherized animals, according to a technic described elsewhere^' Roentgeno- 
grams of the chest were taken immediately after injection to observe the distribu- 
tion of the oil, and also at different intervals to follow grossly the fate of this 
substance in the chest The animals were killed at intervals of from thirty 
minutes to four months following the introduction of the oil Removed tissues 
were fixed and stained in the customary manner and also with Herzheimer stain 
for the presence of fat 


7 Dor, Louis Les injections intratracheales d’huile creosotee chez les 
tuberculeux. Rev de med 9 879, 1889-1890 Botey, R Possibihte des injections 
tracheales chez I’homme comme voie d’lntroduction des medicaments, Compt 
rend Acad d sc 3 197, 1890 Clerc, A Injections creosotees intratracheales 
dans la tuberculose, These de Lyon, 1896 Pillermont, P Action physiologique 
et chimique des huiles lodees. These de Nancy, 1901 Mendel, H Therapeutique 
local dans la tuberculose pulmonaire par les injections medicamenteuses mtra- 
tracheales, Arch gen de med 1 640, 1903 Lafay, L Monographic des huiles 
lodees et bromees, ibid , p 540 

8 Guissey and Strodel Injection de I’arbre respiratoire et du parenchyme 
pulmonaire par la voie transglottique, Compt rend Soc de biol 72 457, 1912 
Bossey and Guieysse-Pelissier Recherche sur la penetration d’une substance 
medicamenteuse dan le poumon sain et tuberculeux par injection tracheale, ibid 
82 148, 1919 Lynah, H L , and Stewart, W H Roentgenographic Studies 
on Bronchiectasies and Lung Abscess After Direct Injection of Bismuth Mixture 
Through Bronchoscope, Am J Roentgenol 8 49, 1921 

9 Sicard, J A , and Forestier, J Methode generale d’exploration radio- 
logique par I’huile lodee (hpiodol). Bull et mem Soc med d hop de Pans 
46 463 (March) 1922 

10 Cohn, whom I haw quoted, relates an experiment by one of his pupils 
who introduced 500 Gm of oil into the lungs of a horse via the trachea without 
disturbing the animal 

11 Fried, B M, and Proctor, E E The Appearance of Specific Antibodies 
in the Serum of Rabbits b}" Intratracheal and Intravenous Injections of Living 
Tubercle Bacilli, Proc Soc Exper Biol & Med 21 396, 1924 
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The Reaction of the Animal to the Injected Oil — The cat was not 
disturbed appaiently when the amount of oil injected into the trachea 
did not exceed 3 or 4 cc Recoveiy from the anesthesia was prompt, 
and the geneial subsequent behavior of the animal did not differ from 
that of its noimal neighbois But when the amount of the injected oil 
was above 4 cc (from 5 to 10 cc ), the proceduie was followed by loss 
of appetite and asthenia, with steady loss of weight This m most cases 
lasted for about a week and ended m recovery With 10 cc of lodipin 
in the lungs, six animals (about 30 per cent) died within from four to 
five days after the operation, and eight were ill for some time After 
death no gross lesions could be found in the lungs or other oigans, and 
It was assumed that iodine poisoning piobably caused the rapid demise 
A group of SIX animals that received 10 cc of lodipin survived in our 
cages for four months m perfect health, and even gained some weight 

From these observations our impression was that the use of mod- 
erately small amounts of iodized oil (from about 1 to 1 5 cc per kilo- 
giam of body weight) caused no harm to a healthy cat Doses exceeding 
that amount appeared to be detrimental to the health of the animal, 
and not infrequently caused its death 

The G) OSS Appearance of the Removed Lungs — ^The cats were killed 
under deep ether anesthesia The trachea was usually constricted with 
a clamp at the height of inspiration so that the oigans were moderately 
expanded, and the lungs were removed and fixed in toto In a few 
instances, a 10 per cent solution of formaldehyde was injected into the 
femoral vein Fixation by injection of the fixative into the trachea 
was considered unwise, because this method would disturb or displace 
the intra-alveolar exudate 

That the oil injected mtratracheally reached the alveoli at once was 
demonstrated by the roentgen ray and also by examining the lungs 
immediately after injection In instances in which from 6 to 10 cc of 
this substance was introduced, the lungs appeared to be markedly dis- 
tended and uniformly brown, probably due to the iodine (fig 1) On 
cut surface these organs were spongy, grossly revealing the presence of 
oil In a number of instances, this could be seen as late as fiom ten to 
twelve weeks following the injection With smaller amounts of oil, the 
brown color of the lungs was distributed in patches In these areas, the 
lung was usually more distended than elsewhere In no instance was 
pneumonia or other inflammatory processes noted m the experimental 
animals 

The Peisistence of the Oil m the Lungs of Normal Animals — 
Investigations by older writers (footnotes 1 to 7) who used iodized oil 
intramuscularly and orally indicate that the introduced drug is first 
decomposed into its two components, iodine and oil The iodine is 
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lapidly eliminated through the kidneys, and the oil undergoes the usual 
fate of hpoid substances introduced into the organism, that is to say, it is 
decomposed into fatty acids and gl) cerin and absorbed and oxidized 
Recent investigations of intratracheal injections of lipiodol and 
lodipin seem to confirm the observations made by pievious writeis, as 
far as the elimination of iodine is concerned Sicard and his associates,^- 
aftei injecting 5 cc of lipiodol into the lungs of a patient, found iodine 
in the urine for twent}'- days, varying in amount from 15 to 200 mg 
daily Kiiipping and Ponndorf found iodine in the mine of patients 



Fig 1 — Intratracheal injection of 8 cc of lipiodol ^ is a roentgenogram 
taken a fev minutes after the injection The iodized oil is distributed throughout 
both lungs, being heavier around the pulmonarj root B, lungs (two-thirds 
natural size) from the same cat killed soon after the roentgenogram was taken 
The lungs are nearly one and a half times larger than usual, but thej are 
spong} and their surface is smooth 

a fev hours following the intratracheal injection of the oil In one case 
the) found large quantities of iodine in the urine thirt)’- days after the 
injection of lodipin 

12 Sicard, Faber and Forestier Elimination urinaire de I’huile lodee. Bull 
et mem Soc med d hop de Pans 47 315 (June 23) 1923 

13 Khiipping H W and Ponndorf, W Ueber die Fullung der Lungen mit 
Jodol Beitr z Klin der Tuberkulose 63 329, 1926 



732 


ARCHIVES OF INTERNAL MEDICINE 


his associates believe that the action of the pulmonary tissue on lipoids 
IS of double character (1) hpohtic, which consists in the splitting of 
fat into fatty acids and glycerin, (2) lipodieretic, a term coined by 
Roger to designate the destruction of fat thus furnishing products 
which are not further transformed into ethereal extracts The lipo- 
dieresis is attributed by the French workers to a ferment the presence 
of which IS demonstrated by the appearance of a precipitate when phos- 
phate of lime is added to extracts of organs Histologically, according 
to Roger and Bmet,^^ lipodieresis is effected by the endothelial cells 


Figure 4 Figure 5 

Fig 4 — Roentgenogram of the chest from another animal taken twenty-one 
days after the injection of 6 cc of lodipin 

Fig S — Roentgenogram taken four weeks after the injection of 6 cc of 
lodipin 

Within the capillaries of the pulmonary alveoli The experiments of 
Busquet and Vichmac show evidence to the same effect 

Sicard, Faber and Forestier affirm that the lung gets rid of the oil 
thirty times faster than does muscle tissue or the subarachnoid space 
The results set forth m this paper are based on roentgenologic 
examination at intervals, of animals with iodized oil in the lungs and 

IS Busquet, and Vichmac, C Le Poumon organ de fixation elective de 
I’huile injectee dans le sang, Compt rend Soc de biol 84 852, 1921 
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also on microscopic examination of the lungs made after the animals 
were killed 

As noted, doses exceeding 1 5 cc of iodized oil per kilogram of body 
weight were poorly tolerated by animals Some died within a few days 
following the injection of the oil into the lungs, with signs and symptoms 
suggestive of iodine poisoning (salivation) Our observations show that 
even well supported doses (from 1 to 1 5 per kilogram of animal weight) 
remain within the pulmonary parenchyma for a long time After a 
period of four months following the intratracheal injection of lipiodol, 
traces of the oil could be found in the pulmonary alveoli, particularly 
aiound the bronchi and in the vicinity of the hilum of the lungs In 



Fig 6 — Roentgenogram taken about forty days after the injection of 6 cc 
of hpiodol 

five instances, lungs which appeared clear by roentgenogram about three 
months after the injection showed the presence of oil on examination 
with the naked eye as well as with the microscope 

It would seem, therefore, that iodized oil injected intratracheally was 
not destroyed m the lungs of normal animals with rapidity, hut remained 
there for a considerable time 

The Persistence of Oil m the Lungs of AmmaU with Respiratory 
Infection — When iodized oil was injected into the trachea of laboratory 
animals, a few workers noted disastrous effects—pneumonia, pulmonary 
abscess and rapid death Peiper and Close,^'= from experiments on 

16 Peiper, H, and Close, H Ueber die Grundlagen einer Myelographie 
Arch f khn Chir 134 303, 1925 
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labbits, consider the intiatiacheal injection of iodized oil a dangeious 
proceduie This may peihaps be attiibuted to the amount of lodipin 
injected, possibly to a technical error 

It occuried to us that it would be interesting to compare the rate of 
disappearance of the oil m animals with a respiratoiy infection to that 
in noimal animals Thus iodized oil was injected into the trachea of 
cats with “snuffles ” The lesion during the early stages of this disease 
IS confined to the upper respiratory tract, but the lungs usually show 
congestion The animals sneeze a great deal, their respiratoiy mucosa is 
hypeiemic and secretes mucus abundantly The expeiiment that follows 
IS illustiative of a series of six cats 



Fig 7 — Roentgenogram taken immediately after the injection of 4 cc of 
lodipin The injection was performed slowly The iodized oil coated the 
trachea and larger bronchi 

Experiment 29 The subject was a cat weighing about 2 5 Kg It was normal 
except for “snuffles” at an early stage 

On Nov 7, 1926, 4 cc of warm lodipin (Merck) was injected into the trachea 
A roentgen-ray examination of the chest a few minutes after the injection 
showed that the oil was distributed m the lungs in the usual arborization fashion 
with filling of the alveoli During the five to six days following the injection, no 
changes of any kind could be noted in the animal The infection ran its usual 
course, neither the nasal mucous secretion nor the sneezing apparently being 
influenced by the injection of iodized oil 

Roentgen-ray examination of the chest every fifth day showed that the oil 
“melted” awaj’’ rather rapidly At first, the periphery of the lung became clear , 
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this was followed by an accumulation of “clumps” of the substance m the lower 
and middle parts of the pulmonary parenchyma On the twentieth day, oil was 
still visible at the roots of both lungs At the end of the sixth week, a roent- 
genologic examination of the chest showed that the lungs were clear With the 
microscope only small droplets of oil could be found at the pulmonary hilum 
within the pulmonary alveoli, around the larger bronchi and also between the 
mucous glands The roentgen-ray as well as the microscopic examination showed 
the persistence of rather considerable amounts of the oil throughout the lungs 
111 control animals 



Fig 8 — L IS a roentgenogram taken immediately after the injection of 8 cc 
of iodized oil into a cat, and shows the powdery distribution of the substance, 
R was taken ten days after the injection Instead of the fine mottling seen m 
L, the oil here is rather dense, being particularly heavy along the spine 


The oil m these six cases apparently did not innuence the disease 
Furthermore, these cats freed themselves fiom this substance much 
quickei than their healthy fellows, this was probably due to frequent 
sneezing which “diove” the oil from the pulmonary alveoli into the 
bronchi, whence it reached the pharynx and was swallowed Coughing 
may therefore be an impoitant factoi in the elimination of the oil from 
the chest of persons with pulmonaiy disease 
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The action of the hypothetic pulmonary enzyme of Roger on the 
mtioduced fat is apparently slow If iodized oil injected into the chest 
may produce damage before it is finally excreted, it would be advisable 
to induce coughing in noncoughing patients or to institute some kind of a 
posture drainage by which the oil would be quickly eliminated 

The Histologic Reaction of the Lungs to Iodized Oil — ^The animals, 
as already noted, were killed at intervals of from thirty minutes to four 
months following the intratracheal injection of the oil The pulmonaiy 
leaction to the mtioduced substance was as follows 

The fat seen in the alveoli as louiid globules of diflfeient size was 
attacked almost instantaneously by cells which weie easily identified as 



Fig 9 — Intratracheal injection of hpiodol A frozen section stained with 
Herxheimer’s stain for fat from the lung of a cat killed about forty-five minutes 
after the injection The alveoli are distended, the alveolar wall is “naked” In 
one place the cells “lining” the air sac are gathered in a small group showing 
fatty granules in their cytoplasm , reduced from a magnification of X 850 

large mononuclear phagocytes — macrophages (figs 9 and 10) These 
cells with familial moiphology showing numerous vacuoles in their 
cytoplasm were found within the alveoli suriounding the hpoid material 
as if trying to devour it or to wall it off Thirty minutes after the 
injection a number of them showed numeious fatty gianules in their 
cjtoplasm, as was demonstrated by the scharlach R stain The walls of 
the alveoli showed slight swelling and also the pi esence of fatty granules 
The cellular elements here seemed to be increased in number, some of 
the cells being readily identified as maciophages by their moiphology 
and by the way they had engulfed the oil 
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The leaction of the cells “lining” the air sacs is of inteiest These 
cells, which usually appear as small irregularly round or polygonal 
cells or as flat endothelioid cells resembling the Kupflfer cells, showed an 
increase in size and took on an epithelial-hke aspect Normally, they are 
moie 01 less sepaiated from each other by wide spaces, and in areas 
their presence cannot be demonstrated, thus giving the impiession that 
the alveolai wall is “uncovered” (fig 9 ) But here, due to then “swell- 
ing” and proliferation, they appeared to line the alveolai wall in a syncy- 



Fig 10 — A section stained with hematoxylin and eosin from the lung of a 
cat killed thirty minutes after the injection of iodized oil The large cells with 
a deeply stained nucleus having a wide rim of foamy cytoplasm are macrophages 
Some of the macrophages he free in the air sac, others “line” the wall of the 
alveolus, and still others are seen within the contour of the dilated capillary 
These cells only respond to the oil injected into the lungs by way of the trachea, 
reduced from a magnification of X 850 

tium-like manner In some areas they were seen singly and m others 
m rows along the wall of the air sac They contained oil dioplets 
gathered in gioups like the granules of neutial led in the “supiavitally 
stained clasmatocytes” of some writers 
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Cells at dififeient stages of tiansfoimation from the fiat, endothelioid 
to the plump epithehal-hke cells were seen within thirty minutes follow- 
ing the injection of the oil Duiing the suhsequent days, the leaction 
inci eased in quantity but lemamed qualitatively the same The cells 
“lining” the alveoli with or without fatty droplets m their cytoplasm 
detached themselves from the wall of the an sac singly and en masse 
to form the intia-alveolar exudate 

The “desquamated” cells and those which had migrated from the 
loose connective tissue of the alveolar septums gathered in certain areas 
and formed tumor-like masses Here the alveoli collapsed and the 
normal architectuie of the lungs was destioyed The reaction apparently 
leached its climax within the fiist few days following the introduction 
of the oil It seemed to lemain stationaiy for about one month, at 
which time it began to disappear The piocess was, howevei, slow, 
thiee months after the introduction of the iodized oil, the “macrophage 
exudate” could be seen here and there, and droplets of oil could be 
detected 

The capillaries of the lungs showed marked congestion for from 
one to two weeks after the operation when large doses of oil had been 
injected But with from 2 to 4 cc of oil in the pulmonary parenchyma 
the congestion was ephemeial, lasting one oi two days only The 
endothelium of the capillaries showed possibly slight swelling, but no 
proliferation In a few instances, a diop of oil could be found in the 
cytoplasm of these cells At times, droplets of oil could be seen inside 
the lumen of a capillaiy 

The bronchi showed slight increase in secretion but no pioliferation 
or desquamation Theie was some increase in the lymphoid tissue, 
paiticularly around the vessels and the bronchi 

Intel p) etation of the Histologic Picture — The oil stirs up a reaction 
confined to the cells lining the pulmonary alveoli, which are commonly 
designated as respiiatory epithelial cells These cells, when activated 
by the mti oduced oil, begin to swell, taking on an epithelial aspect They 
phagocytose the oil with avidity, storing it m their cytoplasm as coarse 
and fine granules 

This part of the pioblem is therefore of inteiest in that it involves 
the question of the oiigin of the macrophages in the lungs and also of 
the nature of the cells lining the wall of the pulmonary alveoli This 
subject has been treated by one of us at some length in a previous 
investigation on the effect of intratracheal injections of vital dyes 

17 Fried, B M The Origin of Histiocytes (Macrophages) m the Lungs 
An Experimental Stiidj" b> the Use of Intratracheal Injections of Vital Stain, 
Arch Path 3 751 (May) 1927 
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Suffice It to say that the piesent study with iodized oil is in complete 
agieement with the conclusions pieviously diawn fiom the investigation 
with the vital dyes It may be stated (1) that the phagocytes found in 
the pulmonaiy alveoli aie histiocytes or macrophages, (2) that the bulk 
of the maciophages oiiginate from the cells lining the alveolar wall, 
and (3) that these cells are to all appeal ances not epithelial but of 
mesenchymal oiigin and ought to be regaided as cells of the reticulo- 
endothelial apparatus (maciophage apparatus) If, then, one is to sup- 
pose that the lungs are piovided with a feiment splitting oi destroying 
fat (hpolysis and lipodieresis) as stated by Roger and his associates, 
It ought to be sought, not in the capillary endothelium (Rogei and 
Binet) but in the local maciophage appaiatus 

SUMMARY AND CONCLUSIONS 

Iodized oil injected into the lungs of cats by way of tbe tiachea is 
well toleiated when the amount does not exceed 1 5 cc per kilogiam 
of the annnars weight 

The oil remains in the lungs foi long periods , m a number of cases, 
animals killed four months aftei injection showed the piesence of this 
substance in the air sacs 

In a few instances, iodized oil was injected into the lungs of cats 
with a lespiratoiy infection (snuffles) These animals got iid of the 
oil much quickei than the healthy cats This may be explained on the 
supposition that the animals with “snuffles” squeezed the oil from 
the lungs into the phaiynx by sneezing, from whence it was swallowed 

The pulmonai}'^ reaction stiired up b}^ the oil in the lungs is confined 
to the cells “lining” the alveolai wall, commonly spoken of as the 
respiiatoiy epithelial cells These cells, being normally maciophages in 
a lesting state, tiansfoim themselves under the influence of the intro- 
duced oil into wandeiing phagocytes devouring the oil and storing it m 
their cytoplasm as fine and coaise granules These cells likewise 
prohfeiate, forming large cellular masses lesultmg in localized destruc- 
tion of the normal pulmonaiy structure 

In none of the foity-foui cats used did the iodized oil lead to 
sclerotic changes in the lungs 
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Die Karotissinusreflexe auf Herz und Gefasse, vom Normal-Physiolo- 
GiscHEN, Pathologisch-Physiologischen UND Klinischen Standpunkt 
By Dr H E Hering, Professor der Normalen und Normalen und Patho- 
logischen Physiologic an der Universitat in Koln A RH Price, paper, 
9 marks , bound, 10 SO marks Pp 150, with 45 illustrations Dresden and 
Leipzig Verlag von Theodor Steinkopff, 1927 

This monograph is a summary of the studies published m various medical 
journals and scientific archives during the last few j^ears by the author and 
his co-workers on the mechanism of the slowing of the heart on the pressure 
of the carotid arteries in the neck Previous to the work done by Dr Hering 
it had been generally assumed that the slowing of the heart after pressure on 
the carotid artery was due to direct pressure on the cardio-inhibitory fibers 
of the vagus nerve Dr Hering seems to have shown that the vagus trunks 
in the neck are resistant to mechanical stimulation, and that the phenomenon 
mentioned is due to a specific reflex The focus for the sensory nerve dis- 
tribution of the reflex is in what Dr Hering calls the “carotid sinus,” that 
IS, the enlargement of the carotid at the point of division of the internal and 
external carotid arteries This region of the artery is supplied by the sensor\ 
libers from the glossopharyngeal nerve, and the stimulation of these sensory 
fibers causes reflex inhibition of the heart, as well as lowering of the blood 
pressure Dr Hering has shown that this mechanism is in tonic activity, 
that is, if the ninth nerve is sectioned, or if this so-called “carotid sinus” is 
completely denervated, the heart becomes permanently accelerated It would, 
therefore, seem that this new mechanism is a part of the well known depressor 
system, the sensory end of the reflex being distributed mainly in the ventricles 
and in the aorta 

Dr Hering extended his experimental studies into the clinical field, and 
presents some evidence that in hypertension and in sclerosis of the arteries the 
reflexes from the carotid sinus to the heart and vasomotor center are modified 
Students and practitioners interested in the physiology and pathology of 
the vascular system may peruse the monograph with profit 

A Text-Book of Medicine By 130 American Authors Edited by Russell L 
Cecil, M D , Assistant Professor of Clinical Medicine, Cornell University, 
Medical School, New York Price, §9 Cloth Pp 1,500, with illustrations 
Philadelphia W B Saunders Company, 1927 

This book should prove especially acceptable to students of medicine, since 
most of the contributors are teachers in university medical schools The 
book IS easily the equal of any, and it is superior in many respects to most 
of the textbooks of a single volume prepared by one author This is true in 
part, because, as the editors state, the rapid growth of medical science during 
the last few years has made it almost impossible for one person to master 
the entire field It is safe to predict the wide use of this text in medical 
colleges Physicians will find it an authoritative and up-to-date work, pre- 
senting m concise manner material that would otherwise be available only m 
bulky systems of medicine 

Each disease or group of diseases is discussed by a writer particularly 
interested in that subject There are 130 American contributors, each of whom 
IS a student or investigator of the subject on which he has written The general 
sense of proportion as regards relative space for the presentation of the various 
diseases is preserved From a conservative standpoint practically all conditions 
worthy of mention are included In a treatise of this scope minor omissions 
are una\oidable, for example, massive collapse of the lungs has not been 
described The final section on disorders of the mind is a timely addition 
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Particularlj" to be commended is the inclusion, after most of the articles, of 
important references concerning the various subjects 

This well planned and well written textbook is strongly recommended to 
students and practitioners 

Medical Department or the United States Army in the World’s War, 
Volume 6 Sanitation in the United States, by Col W P Chamberlain, 
M C Sanitation in the American Expeditionary Forces, by Lieut Col 
Frank W Weed, MC Price, §3 25 Washington, D C Government 
Printing Office, 1927 

This volume contains a great deal of information of interest to the practicing 
ph 3 ^sician, to those interested in sanitation and to epidemiologists The entire 
problem of sanitation as carried out in the World War is given in detail This 
includes selection of camp sites, housing, food, disposal of garbage and sewage, 
water suppl}’’, control of flies, mosquitoes and vermin, hospital isolations, phj'sical 
examinations for detection of disease in its incipiencjq and other problems 

A chapter is devoted to the influenza epidemic of 1918, showing the rapidity 
with which disease spreads and the futility of attempts to control it 

The rations of various organizations and changes from time to time are 
discussed in detail The rations of the United States army are compared with 
those of the English, German and French armies 

It is impossible to give in a brief review an insight into the great work done 
by the Department of Sanitation It is a valuable record of what was done by 
this department during the World War 

The Pstchologv of Mental Disorders By Abraham Myerson, MD 
Price, §140 Pp 135 New York The Macmillan Company, 1927 

This book IS written primarily for intelligent, nonmedical readers and aims 
to give the mam facts about mental disease The author says that the publicity 
given to physical diseases has, in large part, done away with many of the 
misconceptions regarding such matters as diet, infectious diseases, tuberculosis, 
cancer and the like, and adds “Partly because psychiatry as a branch of 
medicine has not achieved the scientific status of the other specialties, partly 
because the treatment of mental diseases is far from satisfactory, the program 
called mental hygiene has lagged behind in results and in organization, though 
much valiant work is being done in this direction It is the province of this 
book to dispel, insofar as I am capable of doing so, some of the popular 
Ignorance on this subject” He points out that the term insanity is legal and 
arbitrary, and divides the mental diseases in two main groups, the major 
mental diseases, or psjchoses, and the minor ones, the psychoneuroses, such 
as hysteria and neurasthenia The discussion of the psychoneuroses, partic- 
ularly, IS highly recommended as lucid, fascinating and most sane and sensible 
Even physicians who consider themselves thoroughly familiar with the subject 
will profit by reading Myerson’s chapters Mental deficiency, crime and heredity 
are also discussed in a masterly manner In short, the book is valuable, and 
because of its conciseness and brevity, it can be read in a few hours 

CiTV Health Administration By Carl E McCombs, MD Price, §5 50 
Pp 511 New York The Macmillan Companj’-, 1927 

This book is divided into three parts (1) municipal liealth functions, 
(2) organization and administration of preventive functions of sickness, and (3) 
organization and administration of treatment functions of sickness In the 
language of the author, it is designed to be most useful to the person without 
professional training or experience, whether he is a teacher or student of 
government, a public official or a man in the street who wants to know what 
health benefits he should receive for his tax payment 

Dr McCombs presents an analj'sis of city health administration which 
should adequately meet the needs it aims to supply It does not make any 
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pretense to technical authortU> but presents the essentials in the health field, 
at all times stressing an educational feature 

This book should be read b\ students of public health, particularly public 
hcaltli administrators, as it contains comparative data which are of value 

Too much emphasis, hoeeeeer, is placed on one large department of one 
large cite A comparison of the standards, of a group of cities evould have 
been better 

A. selected bibliographe is presented which, apparently, is fairly representa- 
tiec ot the particular subjects treated 

Disi- e'-rs 01 the Skix By James H Seqheira Ed 4 Price, §10 Pp 644, 
^6 plates 111 color, and 309 text figures New York The Macmillan Company 
1927 

It IS unfortunate that in the revision of this generally excellent work, a 
srstcinatic treatise on diseases of the mucous membranes was not included 
That would have made it much more helpful to the student and general prac- 
titioner for whom it is intended Other changes are needed such as more 
adequate description of many important lesions, as syphilitic condylomas 
Leukoplakia, for instance, is casuallj mentioned and pictured with syphilis, 
leading to the incorrect inference that it is a lesion of that disease The great 
importance of the search for Spvochaeta palhda m the diagnosis of primary 
s\phihs IS not sufficienth stressed 

On the other hand, the book is well written, largely from the author’s 
own experience, and the illustrations, for the most part original, are excellent 
The work of the printer has brought them out to the best advantage The 
bibliography is select, and it is gratifying to find that American work has not 
been overlooked The addition of much new' material, largely on tropical 
diseases brings the work much more nearly down to the minute than is usual 
with textbooks The author is to be congratulated on the increasing success of 
his ctiologic classification 

Leitlues ox Intern \e Medicine By Knud Faber, MD, Professor of Internal 
Medicine University ot Copenhagen, Denmark Cloth Price, §3 Pp 147, 
null illustrations New' York Paul B Hoeber, Inc, 1927 

During 1926, while on a tour through the United States, Professor Faber 
lectured betore many medical societies and schools The four chief lectures 
arc presented in book form and are well illustrated The addresses given 
here were as follows “The Etiology and Pathogenesis of Achylia Gastrica,” 
the Hatfield Lecture delivered at the College of Physicians in Philadelphia, 
The Intestinal Origin of Pernicious Anemia, ’ presented before the American 
College of Phrsicians at Detroit, "Benign Gljcosuria,” the Herter Lecture at 
Tohns Hopkins Universitj and “Historical Outline of Medical Therapy,” Harvey 
Lecture, gnen before the New' York Academy of Medicine 

Pr\ctic\e Lectures ox'^ the Specialties of Medicine and Surgery Delivered 
Under the Auspices of the kledical Society of the County of Kings, 
Brookhn, New York Second series, 1924-1926 Cloth Price, S7 Pp 590, 
with 110 illustrations New York Paul B Hoeber, 1927 

As indicated in the title, this w'ork is an extension of the first series of 
pr'icticai lectures A\hich were published in 1925 They cover a wide range 
ot >;ubjccts of interest to all medical men Each lecture is complete in itself, 
anc represents the present daj knowledge and opinion of each subject dis- 
cussed thc\ were delnered chiefli bv phjsicians and teachers of prominence 
states Numerous illustrations enhance the value of the 
work ihere is cien reason to predict that this series of lectures w'lll be 
rcccncd with as great enthusiasm and commendation as was the first series 
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EXPERIMENTS ON WATER AND SALT DIURESIS 

DAVID M RIOCH, MD 

ROCHESTER, N Y 

That a t 3 i'pical diuiesis follows the ingestion of large amounts of 
\\ ater has been known f oi some time, but the mechanism by which the 
water is conveyed from the intestine to the kidneys and the factors 
stimulating the kidneys to action, whether they are hormone, vascular, 
neivous, or pltysicochemical, are not yet pioved beyond question Engel 
and Schail,^ using the refi active index of the serum, Macallum and 
Benson,- using the red blood cell count, Haldane and Pnestle)^,^ and 
Adolf,'^ using hemoglobin deteimmations, found that no dilution of the 
blood is measurable by these methods when large amounts of water are 
drunk, although a maiked diuresis is produced Piiestley ^ did not find 
an}'’ dilution of the hemoglobin, but a deciease of from 2 to 5 per 
cent in the conductivity of the seium, indicating a propoitionate dilu- 
tion of the plasma electrolytes He also found that when an almost 
isotonic salt solution is drunk the hemoglobin is diluted, the conductivity 
rises and the diuiesis is slight m comparison to that produced by water 
In 1921,° Priestley carefully deteimined the watei content of the whole 
blood befoie and after water was drunk His method consisted in 
weighing the samples, drying them over phosphorus pentoxide and 
reweighing He found from 2 to 3 per cent more water in the samples 
taken aftei 2,000 cc of water was drunk, but chloride determinations 
done at the same time showed a 5 or 6 per cent dilution of the total 
chloiides He also found that 15 Gm of sodium chloride produced a 
diuresis of fiom 70 to 90 cc an houi for several hours Adolf ^ found 

- From the laboratories of the Department of Medicine, Johns Hopkins 
University Medical Department, Baltimore 

1 Engel, Karl , and Scharl, P J Die Konzentrations veranderung des 
Blutserums nach Wasseraufnahme, Ztschr f klin Med 60 225, 1906 

2 Macallum, A B , and Benson, C C On the Composition of Dilute Renal 
Excretions, J Biol Chem 6 87, 1909 

3 Haldane, J S, and Priestle}--, J G The Regulation of Excretion of 
Water by the Kidneys, J Physiol 50 296, 1916 

4 Adolf, E F The Regulation of the Water Content of the Human 
Organism, J Physiol 55 114, 1921 , Chemical Regulation of the Activities of the 
Human Kidney, Am J Physiol 63 432, 1923 

5 Priestley, J G The Regulation of Excretion of Water by the Kidneys 
J Physiol 50-304, 1916 

6 Priestley, J G The Regulation of Excretion of Water by the Kidneys 
J Physiol 55 305, 1921 
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that Matei taken in excess of that required by the body is promptly 
excreted, that an isotonic salt solution (sodium chloiide) pioduces a 
diuresis much less in rate, but lasting much longer than that pioduced 
by ater , that a hypotonic solution acts as a mixture of isotonic solu- 
tion and Mater, the excess water being rapidly excieted, and that a 
Itypertonic solution produces a prolonged diuiesis at a rate of from 
100 to 200 cc an hour 

In regal d to the stimulus of watei and salt diuresis, it appears that 
the osmotic piessure of the blood® is responsible, but as comparative!} 
feiv experiments have been done and few points detei mined it was 
thought well to repeat the work, using more subjects, and taking more 
frequent blood samples, so as to deteimine the form of the cuive of 
the dilution of the electrolytes 


METHODS 

The subjects for these experiments were healthy white adults, from 
20 to 30 years of age, teacheis and medical students at the Johns 
Hopkins Hospital 

In every case, the subject took no food from supper the evening 
before the expeiiment was begun until after it was ended Water ii^as 
drunk as desired until the beginning of the experiment, after which 
water was not taken except as noted in the protocols During the 
experiments, the subjects worked in the laboratory or on the ward 

Blood was drawn without exposuie to air from a vein of the aim 
either in well fitting Record syringes or in oiled syringes and was 
immediately injected through capillary glass tubes under oil in heavy 
ivalled P}rex test tubes with a capacity of 10 cc A one-hole rubber 
stopper was then inserted and the tube centrifugahzed The serum 
ivas removed ivith pipets with capillary tips The samples for the 
refractive index and the determinations of viscosity w^ere drawn in dry 
syringes and were not put under oil The blood was drawm undei 
stasis,' except in experiments 8 and 9, the stasis, however, was not 

/ It has been shown bv Dautrebande, Davies and Meakins (The Influence 
of Circulatorj Changes on the Gaseous Exchanges of the Blood, Heart 10 133, 
1923), and more recentlj by Peters, Bulger, Eiseman and Lee (Total Acid-Base 
Equilibrium of Plasma in Health and Disease IV The Effects of Stasis, 
Hjperpnea, and Anoxemia, and the Causes of Tetanj’’, J Biol Chem 
67 175, 1926) that prolonged venous stasis causes concentration of the 
peripheral blood, amounting m some cases to 30 per cent In the experi- 
ments of Dautrebande, Davies and Meakms, however, stasis rvas maintained 
for h\ent 3 -fi\e minutes and more, and “until the forearm and hand had developed 
a marbled cjanotic appearance and were quite painful” (Peters et al ) In the 
experiments reported here, the stasis was not maintained in any case for more 
t lan tno minutes, usuallj considerably less and in two experiments in which no 
stasis u as used the results rrere the same as in similar experiments m which stasis 
had been used It is therefore felt that the amount of stasis present m these 
experiments did not appreciabb affect the results 
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maintained foi moie than two minutes No attempt was made to 
maintain the oiigmal caibon dioxide tension of the serum after 
centrifugahzing, as in pieliminary expeiiments, it was shown that 
resaturating the seium with alveolar air did not significantly change its 
conductivity This has also been shown by Atchley, Loeb, Benedict and 
Palmei ® In pieliminary expeiiments, it was also shown that the 
conductivity of pig’s seium, before and after being put through the 
same proceduie that the blood undeiwent, did not change by moie 
than 0 04 pei cent 

The conductivity was detei mined by the Wheatstone budge method, 
a Kohliausch budge and Cuitiss coils designed by Leeds and Noithrup, 
and a 500 cycle alternating cuiient fiom a constant speed geneiator 
being used The appaiatus was calibiated against standard resistances 
fioni the Depaitment of Physiology The cell was in the form of a 
flattened Ostwald pipet containing appioximately 1 8 cc The electiodes, 
1 sq cm 111 aiea and about 0 5 cm apart, were fixed m the sides of 
the pipet, fiom which glass tubes containing meicuiy made con- 
nections with copper wiies fiom the bridge terminals The lower end 
of the cell was closed with a clean, one-holed rubber stopper and a 
glass lod Constant leadings weie obtained after washing the cell 
three times with 0 5 cc quantities of serum, so that a complete determi- 
nation could be readily made on 4 cc of serum The cell was made 
to 01 del by Machtlet and Co of New Yoik and was satisfactoiy The 
cell constant was detei mined befoie and after each series of determi- 
nations with a fiftieth normal solution of leciystalhzed potassium 
chloride m conductivity watei It was found to be approximately 0 327 
Three lesistaiices weie used in each detei mmation and the lesults 
averaged All determinations weie made in a water bath having a 
constant tempeiature within a fi action of a degiee of 25 C and cor- 
rected to 25 C , a 0 2 per cent increase in conductivity pei 0 1 C rise 
in tempeiatuie being assumed 

The effect of the pioteins on the conductivity has not been con- 
sideied in the calculations, as the detei minations of piotein were not 
sufficiently leliable to wan ant then use for this purpose, as desciibed 
below However, when the effect is appieciable, it will be pointed out 
in the discussion 

The dilution of the pioteins was measuied eithei by the change m 
the ref 1 active index and viscosity of the seium oi by determining the 
total nitiogen The lefractive index of the serum was determined 
with an Abbe refractometer, the ref i active index of distilled watei 


8 Atchley, D W , Loeb, R F , Benedict, Ethel M , and Palmer. W W 
Physical and Chemical Studies of Human Blood Serum Arch Int Med 31'60f) 
(April) 1923 
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being taken before each determination The lesultb are recorded as 
the refractive index of the solids, being the difference of the refractive 
indexes of the serum and of distilled water The viscosity was deter- 
mined with a Hess viscosimeter The total nitrogen was detei mined by 


xoz 

100 

sal 


10 11 ll 1 TJJIS 

Chart 1 

Chart 1 (experiment 1) — Control experiment In this and m the following 
charts, the solid line indicates the conductivity of the serum calculated as per- 
centage of first or control sample , the dotted line, refractive index of serum solids 
or protein by Kjeldahl digestion calculated as percentage of initial sample 
Chart 2 (experiment 2) — Control experiment 


1 - 

102 

100 

98 


c c 
100 
60 

9 10 11 1 2 1 -ine 

Chart 3 (experiment 3) — Control experiment In this and in the following 
charts, the crooked line indicates the rate of secretion of urine in cubic centi- 
meters per hour 

Kjeldahl digestion, 1 cc of the serum on which the conductivity had 
been determined being used The same pipet was used in each case, 
and duplicate determinations were run in the majority of cases The 
results are recorded as percentage of protein, the nonprotein nitrogen 
being disregarded, as the changes it might undergo would not produce 



9 ao 12 

Chart 2 
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a significant eiior Unfortunatel}'", the deteimination of the proteins 
was not accurate enough to be of much value, due to the small amount 
of seium available They aie given, however, as it is felt that they 
indicate at least roughly the trend of dilution, and aie significant in the 
experiments with Locke’s solution and concentrated salt solution The 
probable eiioi amounts to about 5 pei cent 


Piotocol of Expo intent 1 


Marcli 30, 1923 

No water 


Blood 



Urine 

X 



r 

Specific 


Eefrac- 



Specific 



Con- 

Per 

tive 

Per 

Vis- 

Specific Con- 

Time 

Notes 

ductivitj' 

Cent 

Index 

Cent 

cosity 

Amt Rato Gravitj ductivitj 

10 10 

Blood 

0 01195 

100 

00177 

100 

— ’ 1 


11 40 

Blood 

0 01190 

99 0 

0 0174 

98 3 


Urine not collected 

1 00 

Blood 

0 01203 

100 6 

0 0174 

9S3 




Piotocol of Erpei intent 2 


March 31, 1923 

No water 


Blood 



Urine 

y 



P" 

Specific 


Refrac- 



Specific 



Con- 

Per 

tive 

Per 

Vis- 

Specific Con- 

Time 

Notes 

ductiTity 

Cent 

Index 

Cent 

COSltj 

Amt Rate Gravity ductivity 

S 30 

Blood 

0 01204 

100 

0 0175 

100 

1725 


10 80 

Blood 

0 01213 

100 7 

0 0177 

1011 

1775 

1 Uiine not collected 

12 00 

Blood 

0 01199 

99G 

0 0177 

1011 

1750 



Piotocol of Ex pel intent 3 


June 31, 1923 

No water 











Blood 

A 




Urine 



/ 

Specific 


Refrac 






Specific 


Con 

Per 

tive 

Per 

Vis 



Specific 

Con- 

Time Notes 

ductivitj 

Cent 

Index 

Cent 

cosity 

Amt 

Rate 

Giavity ductivity 

8 30 Bladder emptied 

9 00 Weight, 68,350 Gm 









9 15 Blood 

9 46 Urine 

0 012213 

100 

0 0169 

100 

185 

27 

215 

1034 


10 30 Blood 

11 45 Urine 

0 012204 

998 

0 0169 

100 

184 

37 

37 

1033 


12 30 Blood 

1 16 Urine 

0 012140 

994 

0 0172 

1018 

1 87 

23 

15 5 

1032 


1 30 Weight, 67,650 Gm 









Urine was 

collected 

as 

noted 

in the 

protocols, 

and 

the 

volume 


measured with an accuiacy of 2 per cent Either the specific gravity 
or the conductivity or both was determined, an ordinary hygrometer and 
the conductivity appaiatus described above being used 


EXPERIMENTS 

Expel iments 1, 2 and 3 (figs 1, 2 and 3) were run as controls, 
no water being taken The irregulai variation of the conductivity, 
amounting to 1 1 pei cent m experiment 2, is possibly due to the 
frequent changes in blood flow and metabolism that are bound to 
occui in the arm of an individual who is moving about at work 
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Six expenments (figs 4, 5, 6, 7, 8 and 9) were done in which 
^\ater was taken The curve of the diuresis is similar in all, an abrupt 
rise to a peak in from one to two houis, and a more giadual decline 
In expel iment 6, the decrease m conductivity parallels the late of 
diuresis, but in the other experiments (except experiment 7), theie is 
a tendency foi the diuresis to lag fiom one-half to one hour behind 
the diop in conductivity The gieatest change in conductivity noted 
IS 3 8 per cent in experiment 5 

As stated, the piotein curves aie too iiiegulai to wairant any con- 
clusions, except that in only one case, expei iment 7, is there any definite 
dilution 

In experiment 7, a small volume of distilled water was taken, 
pioducing a definite diuresis which is contrary to what Hashimoto 




Chart 4 (experiment 4) — Water drinking experiment 

Chart S (experiment 5) — Water drinking experiment At A, 2 liters of tap 
water was given by mouth 

found to be the case with dogs Unfortunately, in this expei iment the 
greatest depression of the conductivity curve was missed, the second 
sample of blood being taken after the return to normal had begun 
At the end of the experiment, a fifth sample of blood was drawn 
SIX minutes after the fourth sample, stasis having been maintained 
meanwhile The results show a drop in conductivity and an increase 
in piotein, which is in accoid with Dautrebande, Davies and Meakins," 
and IS what one would expect from Henderson’s nomogram, with a 
rise of carbon dioxide in the tissues 

9 Hashimoto, kl Zur Frage der aus dem V erdaungstrakt darstelbaren 
diuretisch Mrkenden Substanz, Arch f exper Path u Pharm 76 367, 1914 
10 Henderson, L J , Bock, A V , Field, H , and Stoddart, J L Blood as 
a Physicochemical S^stem, J Biol Chem 59 379, 1924 






Chart 6 (experiment 6) — Water drinking experiment At A, 2 liters of tap 
water was given by moutTh 

Chart 7 (experiment 7) — Water drinking experiment At A, 700 cc of dis- 
tilled water was given by mouth At B, stasis was maintained for six minutes 
between the fourth and fifth samples of blood 




Chart 9 


Chart 8 (experiment 8) — Water drinking experiment At A, 1,400 cc of tap 
water was given by mouth 

Chart 9 (experiment 9) — Water drinking experiment At A, 1 liter of tap 
water was given by mouth 
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Piofocol of Eipcnment 4 


March 31, 1923 



Blood 




Urine 

A 



f 

Specific 


Eefnc 





Specific 


Con 

Per 

tive 

Per 

Vis 


Specific 

Con- 

Time Notes 

ductivitj' 

Cent 

Inde-v 

Cent 

cosity 

Amt 

Rate Gravity ductivity 

9 00 Blood 

0 0119S 

100 

0 0176 

100 

175 




9 01-9 15 2,000 cc 

tap n atcr bj mouth 







9 30 1,000 cc vomited 








9 45 Blood 

0 OllSS 

99 2 

0 0169 

961 

175 




10 50 Urine 






360 

1005 


11 00 Blood 

OOllSl 

9S7 

0 0174 

98 9 

175 




11 40 Urine 






390 

1 002 


12 55 Urine 






345 

1004 


1 00 Blood 

0 01197 

100 

0 0174 

98 9 

175 





Piotocol of E\pcumcnt 5 


April 2, 1923 

Blood 




Specific 


Refrac 



Con 

Per 

tive 

Time 

Notes 

ductnity 

Cent 

Inde\ 

9 10 

Bladder emptied 



9 20 

Blood 

0 01221 

100 

0 0167 

9 30-9 45, 2,000 CC 

of tap u ater by mouth 


10 25 

Blood 

0 01174 

96 2 

0 0176 

10 33 

Urine 




11 30 

Blood 

0 01184 

97 0 

0 0167 

11 40 

Urine 




12 10 

Urine 




12 30 

Blood 

0 01196 

98 0 

0 0168 

12 40 

Urine 




1 40 

Urnie 




2 45 

Urine 




3 10 

Blood 

0 01193 

98 0 

0 0172 

4 15 

Urine 





Urine 


-A ^ 

Specific 


Per 

Vis 



Specific Con 

Cent 

cosity 

Amt 

Rate 

Gravity ductivity 

100 

173 




105 3 

173 

140 

99 

0 01139 

100 

172 

475 

439 

0 00274 



280 

500 

0 00233 

100 6 

172 

235 

470 

0 00221 



300 

300 

0 002J5 



125 

115 

0 00522 

103 

1 72 

46 

30 

0 01518 


Piotocol of Expeninent 6 


June 5, 1923 

Blood 

t ^ 

Specific Refnc 




Con 

Per 

tive 

Time 

Notes 

ductivity 

Cent 

Index 

7 30 

Bladder emptied 




8 35 

Veight, 68,100 Gm 



8 SO 

Urine 




8 15 

Blood 

0 012109 

100 

0 0169 

S 50-9 15, 2 000 tap n atcr by mouth 


9 45 

Blood 

0 012073 

09 7 

0 0180 

9 59 

Urine 


\ 


10 20 

Urine 


\ 


10 50 

Blood 

0 011869 

VSl 

0 0167 

11 00 

Urine 




11 SO 

Urine 




12 00 

Urine 



12 30 

Urine 




12 32 

Blood 

0 012017 

993 

0 0169 

1 SO 

Unne 


\ 


S CO 

Blood 

0 012035 

994 

x 0 0169 

3 ”0 

Urine 



\ 

3 35 

Veiplit, 67,870 Gm 


\ 


Urine 


Per 

> / " 

Specific 

Vis- 

Specific Con 

Cent 

cosity Amt 

Rate Gravity ductivity 




20 

20 

? 

0 026 

100 

1 86 





106 5 

2 00 

94 

70 5 

1018 

0 011 



175 

350 

1008 

0 002 

9S9 

182 

320 

480 

1007 

0 002 



202 

404 

1 007 

0 002 



170 

340 

1 010 

0 002 



158 

316 

1 010 

0 002 

100 

187 

135 

135 

1013 

0004 

100 

187 

48 

24 

1030 

0 019 
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Piotocol of Expoiinent 7 


November 4, 1923 


Blood 




Specific 


Eefrac- 



Con 

Per 

tiVO 

Time 

Notes 

ductivity 

Cent 

Index 

8 40 

Bladder emptied 




9 30 

Blood 

0 OllSC 

100 

0 0204 

9 40 

Urine 




9 41 

Weight, 67,000 Gm 



9 50 

700 cc distilled M ater by mouth 


10 20 

Urine 




10 30 

Blood 

0 01178 

99 3 

0 0211 

10 50 

Urine 




11 20 

Urine 




11 32 

Blood 

0 01178 

99 3 

0 0193 

12 00 

Urine 




12 SO 

Urine 




2 23 

Blood 

0 01181 

99 7 

0 0173 

2 31 

Blood, after 





stasis 

0 01159 

97 8 

0 01S2 


2 35 Urine 

2 40 Weight, 67,000 Gm 


Urine 


Per 

Pro 

Per 



Specific 

Cent 

tein 

Cent 

Amount 

Kate 

Gravity 

100 

8 21 

100 

22 

22 

1032 




15 

30 

1032 

103 4 

781 

951 

60 

120 

1 009 




130 

272 

1004 

94 0 

7 80 

95 7 

77 

115 

1005 




13 

30 

1024 

84 8 

7 78 

94 8 




89 2 

8 57 

104 3 

40 

19 2 

1020 


Piotocol of Expet iment 8 


June 3, 1024 

Blood Urine 

, * , » — 




/ 




1 





Specific 

Per 

Pro- 

Pei 



Specific 

Time 

Notes 

Conductivity Cent 

tein 

Cent 

Amount 

Bate 

Gravitv 

8 40 

Bladder emptied 








9 10 

Blood 

0 01180 

100 

712 

100 




9 17 

Urine 





9 

85 

1039 

9 17-9 27, 1,400 cc t ip v atci by mouth 







9 57 

Urine 





38 

57 

1017 

10 12 

Blood 

0 01151 

971 

731 

102 6 




10 27 

Urine 





232 

464 

1 006 

10 43 

Blood 

0 01172 

98 8 

718 

100 8 




10 67 

Urine 





342 

684 

1005 

11 27 

Urine 





334 

668 

1004 

11 42 

Blood 

0 01165 

98 2 

7 44 

104 4 




11 57 

Urine 





197 

394 

1005 

12 27 

Urine 





202 

404 

1005 

12 42 

Blood 

0 01184 

998 

7 35 

103 2 




12 57 

Urine 





162 

324 

1005 


Piotocol of Evpctimcnt 9 


June 7, 1924 

Blood Urine 

, * , 1 — 





Specific 

Per 

Pro 

Per 



Specific 

Time 


Notes 

Conductivity Cent 

tein 

Cent 

Amount 

Kate 

Gravity 

7 40 

Bladder emptied 








9 00 

Blood 


0 01183 

100 

7 23 

100 




9 02 

Urine 






64 

395 

1022 

9 05-9 10, 1,000 CC tap water bj mouth 







9 30 

Urine 






17 

36 5 

1 028 

9 45 

Blood 


0 01167 

987 

6 90 

95 4 




10 00 

Urine 






61 

122 

1 010 

10 20 

Urine 






163 

504 

1 005 

10 SO 

Blood 


0 01165 

98 5 

720 

100 3 




10 41 

Urine 






157 

449 

1004 

11 01 

Unne 






103 

489 

1 004 

11 31 

Urine 









11 46 

Blood 


0 01171 

990 

705 

976 




12 05 

Urine 






56 

99 

1 010 

12 30 

Urine 






23 

55 

1 020 

12 45 

Blood 


0 01169 

98 8 

726 

100 3 




1 00 

Urine 






19 

38 

1020 
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Two experiments (figs 10 and 11) were done in which Locke’s 
solution was taken The diuresis is similar to a water diuresis, m that 
there is a sharp rise and fall, but it is much less in amount, and excre- 
tion continues foi some hours at a late slightly above normal The rise 
in conductivity of the serum may be partly explained by the dilution 
of the pioteins 



Chart 10 (experiment 10) — Locke’s solution experiment At A, 2 liters of 
Locke’s solution was given by mouth 

Chart 11 (experiment 11) — Locke’s solution experiment At A, 2 liters of 
I ocke’s solution was given by mouth Specific conductivity of solution 0 0135 


Piotocol of E\pe)tment 10 


April 4, 1923 


Blood 


Time 

Lotes 

Specific 

Con 

ductivity 

Per 

Cent 

Rcfrac 

tive 

Index 

7 15 

Bladder emptied 




7 33 

Unne 




S 00 

Blood 

0 01176 

100 

0 0170 

S 05-S 20, 2,000 cc Locke’s solution bj mouth 

S 30 

Unne 




S 50 

Blood 

0 01197 

1017 

0 0160 

9 00 

Urine 




10 00 

Urine 




10 05 

Blood 

0 01214 

1010 

0 0162 

11 03 

Unne 




12 00 

Urine 




2 00 

Blood 

0 01220 

104 3 

0 0159 

2 15 

Urine 





Urine 

... A . 

Per 

Cent 

1 r 

Vis- 

cosity 

Amt 

Rate 

Specific 

Specific Con- 
Gravity ductivity 



17 

27 



0 030 

100 

1 77 

10 

16 


0 030 

912 

170 

60 

120 


0 010 



260 

260 

— 

0 003 

95 3 

171 

50 

46 

. 

0 026 



45 

49 

— 

0 028 

93 6 

170 

90 

40 
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Ptotocol of Expel imcnt 11 


June 5, 1923 



Blood 




Urine 


Time 

Notes 

/ 

Speeifle 

Conductivity 

Per 

Cent 

Refractive 

Index 

Per 

Cent 

Vis 

cosity Amount 

Rate 

Specific 

Gravity 

7 30 

Blidder emptied 









S 35 

Urine 






28 

26 

1035 

8 40 

Weight, 07,750 Gm 









S 60 

Blood 

0 012179 

100 

0 0170 

100 

1 92 




S 55-9 20, 2,000 cc Locke’s solution by mouth 

it 






9 55 

Blood 

0 012179 

100 

0 0168 

08 8 

186 




10 10 

Unne 






72 

45 5 

1020 

10 35 

Urine 






37 

89 

1012 

10 55 

Blood 

0 012128 

1021 

0 0161 

91 7 

1 S3 




11 45 

Urine 






38 

32 5 

1028 

12 30 

Blood 

0 012422 

102 

OOIGI 

94 7 

181 




1 15 

Urine 






56 

37 5 

1 033 

3 00 

Blood 

0 012422 

102 

0 0167 

98 2 

182 




3 15 

Urine 






S3 

265 

1 036 

3 10 

Weight, 08,250 Gm 










* Specific conductivity of LocLe’s solution, 0 01325 nt 25 O 



Chart 12 (experiment 12) — Hypertonic salt solution experiment At A, 500 cc 
of salt solution was given by mouth The solution was composed of 7 per cent 
sodium chloride, 03 per cent potassium chloride, 0 25 per cent calcium chloride, 
trace, sodium bicarbonate 

In one expeiiment (fig 12), 500 cc of a salt solution of the same 
composition as Locke’s solution, but ten times as concentrated, was 
taken Thei e was a 9 3 pei cent inci ease in the conductivity, which is 
only partl}'^ explained by the dilution of the pioteins The hydremia 
IS probably due to the influx of water fiom the tissues following the 
inciease in the osmotic pressuie of the plasma 

Priestley® found that the injection of solution of pituitary follow- 
mg the drinking of water delayed the diuresis for five or six hours, 
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Protocol of Experiment 12 


June 9, 1923 


Blood 


i 

specific 

Eefrac 

Con 

Per tive 


Time 

Notes 

ductivity 

Cent 

Index 

8 00 

Bladder emptied 



8 45 

Urine 




8 50 

Weight, GS 325 Gm 



9 20 

Blood 

0 012131 

100 

0 0172 

9 25 

Urine 




9 30-9 45, 500 CC 

salt solution by mouth* 


10 30 

Blood 

0 012659 

104 3 

0 0172 

10 55 

Urine 




11 SO 

Blood 

0 012956 

106 8 

0 0163 

12 25 

Urine 




1 20 

Blood 

0 013258 

109 3 

0 0160 

1 25 

Urine 




2 25 

Urine 




3 25 

Urine 




4 25 

Urine 




5 30 

Blood 

0 013056 

107 6 

0 0161 

5 35 

Urine 




5 40 

Weight, 67,850 Gm 




Urine 









% 

Specific 

Per 

Vis- 



Specific 

Con- 

Cent 

cosity 

Amt 

Bate 

Gravity ductivity 



25 

S3 5 

1036 

0 038 

100 

182 

15 

225 

? 

0 039 

100 

181 

50 

33 5 

1034 

0 040 

94 8 

179 

105 

73 5 

1028 

0 039 

93 0 

177 

110 

110 

1 027 

0038 



105 

105 

1027 

0 041 



95 

95 

1027 




95 

95 

1 028 

0 042 

93 6 

177 

75 

645 

1031 

0 043 


* The solution rvas composed of 7 per cent sodium ehlonde, 0 3 per cent potassium chloride, 
0 25 per cent calcium chloride, trace, sodium bicarbonate 



Chart 13 (experiment 13) — Experiment with solution of pituitary in diabetes 
insipidus The heat^ black areas at the top of the chart indicate cubic centimeters 
of uater bj mouth At A, 06 cc of solution of pituitary was given subcutane- 
oush 

but that hen it did occur it was norma] in amount and rate eir 
reviewed the literature on the study of changes in the blood and urine 
in cases of diabetes insipidus in which solution of pituitary was given, 
and reported three cases of his own The prevailing opinion is that 
the solution of pituitary acts on the kidney cells, causing a retention 
of vater Experiment 13 (fig 13) was done on a white boy, aged 17, 

11 Weir, J F Pituitarj m Diabetes Insipidus, Arch Int Med 32 617 
(Oct) 1923 
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who three weeks previously had leceived a cranial injuiy m an auto- 
mobile accident Following the accident he was unconscious for three 
days, and twenty-four hours after regaining consciousness he began 
to complain of great thirst Since that time, he has had diabetes insipidus 
with a urine output of from 5 to 10 liters a day At the time of the 
experiment, he was on a salt-free diet, which explains the failuie of the 
conductivity of the blood to return to normal on the following day 
The dilution of both the electrolytes and the blood pioteins would 
indicate that there was a definite water letention due to a specific action 
of solution of pituitary on the kidney cells 

Piotocol of Expciiment 13 


Nov 2S, 1923 

Blood Urine 

A X 





Specifle 

Per 

Pro- 

Per 



Specific 

Time 

Notes 

Conductivity Cent 

tein 

Cent 

Amount 

Rate 

Gravity 

6 05 

Bladder emptied, 250 cc water 








6 57 

Unne 






590 

681 

1004 

6 58 

250 cc w ater 









7 30 

Blood 


0 01218 

100 

8 80 

lOO 




7 34 

Urme 






382 

619 

1004 

7 35 

125 cc water 









8 00 

125 cc water 

Urine 





228 

526 

1004 

8 SO 

125 cc water 

Urine 





202 

404 

1004 

8 45 

Blood 


0 01210 

99 4 

8 59 

976 




9 00 

125 cc water 

Unne 





165 

330 

1005 

9 10 

0 6 cc solution of pituitary 








9 SO 

125 cc water 

Urine 





62 

124 

1007 

10 00 

125 cc water 

Urine 





22 

44 

1018 

10 05 

Blood 


0 01175 

96 5 

832 

94 5 




10 30 

125 ec water 

Urine 





21 

42 

1016 

11 05 

125 cc water 

Urine 





0 



11 15 

Blood 


0 01179 

96 8 

797 

91 5 




11 30 

125 cc water 

Urine 





48 

115 

1012 

12 00 

Urme 






39 

78 

1 009 

Nov 29,1923 









6 00 

Bladder emptied 








8 00 

Blood and unne 

0 01153 

94 7 

8 86 

100 6 

120 

60 

1008 


* This patient had diabetes insipidus, following a traumatic injury to the head He was 
on a salt-free diet, less than 0 5 Gm of salt a day 


RESULTS 

The results of the experiments described aie in accord with the 
theory that the osmotic pressure of the plasma is the stimulus of water 
and salt diuresis The inaccuracy of the protein detei minations is 
unfortunate, but does not affect the aigument, as previous workers have 
clearly established, that hydremia is absent or is only slight during watei 
diuresis Priestly found a 2 oi 3 per cent increase in water, and there 
IS no reason to suppose that a genuine hydremia may not occur m some 
cases The lag of the diuresis following the drop in conductivity shown 
in some of these experiments is important as indicating that there is 
probably another factor as well as the osmotic pressure of the plasma 
concerned with the initiation of a water diuresis In order to detei mine 
this more accurately, more frequent samples of blood should be taken 
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than IS expedient with the human subject Also aiteiial, lather than 
venous, blood should be used, as small changes m the concentiation of 
the electrolytes aie significant For this reason, large dogs were used 
as subjects in further expeiiments The lesults, to be published shortly, 
confirm the observation of a lag in the diuiesis aftei the drop m con- 
ducti-vity of the serum 


SUMMARY 

In tliiee contiol experiments on two subjects, the conductivity of 
blood fiom the basilic vein vaiied from 0 6 to 11 per cent during the 
morning when no food or water was taken 

In SIX expeiiments on four subjects, from 700 to 2,000 cc of water 
was taken by mouth The conductivity of the blood serum dropped 
rapidly and rose more slowly The greatest drop was 3 8 per cent 
The diuresis either paralleled the variation of the conductivity or 
lagged thirty or forty-five minutes behind it Piotem determinations 
on the blood were unsatisfactory, but in only one case indicated any 
definite dilution 

In two experiments on one subject, 2,000 cc of Locke’s solution was 
taken The conductivity inci eased by 4 3 per cent and 2 1 per cent 
The diuiesis amounted to 260 cc an houi m one case but only to 
45 cc an hour in the other The dilution of the proteins was fairly 
definite 

In one expei iment, 500 cc of salt solution ten times the concentration 
of Locke’s solution was taken The conductivity went up nearly 10 per 
cent The diuresis did not exceed 110 cc an hour, but was prolonged 

In one expei iment in a case of diabetes insipidus following the 
subcutaneous injection of 0 6 cc of solution of pituitary the con- 
ductivity dropped, the proteins were diluted and the diuresis checked, 
with anuria for one peiiod of thirty minutes 



CHANGES IN THE EYEGROUND IN VASCULAR 
DISEASES AND IN RELATED CONDITIONS 


ONE HUNDRED AND EIGHTY-SEVEN HYPERTHYROID, DIABETIC, 
NEPHRITIC, HYPERTENSIVE AND CARDIAC CASES, WITH 
SPECIAL REFERENCE TO RETINAL ARTERIOSCLEROSIS '' 

HUGO O ALTNOW, MD 

MINNEAPOLIS 

Contributions to the literatme on the study of the eyeground have 
been numerous, but the majority have been made by ophthalmologists 
or by internists in collaboration with ophthalmologists While engaged 
in the study of vascular diseases at the Peter Bent Brigham Hospital, 
from February, 1924, to July, 1925, I had an unusual opportunity to 
study eyegiounds in vaiious vascular diseases and related conditions 
Because of the importance that retinal vascular changes have assumed 
in the diagnosis and interpretation of general vascular disease, I feel 
that it will be of interest to internists, ophthalmologists and practi- 
tioneis of medicine to get the point of view of an internist who has 
had the opportunity to examine a large group of fundi in various dis- 
eases This IS a study of eyegiound changes and the manner in which 
they indicate, or reflect, geneial disorders from the standpoint of one 
interested chiefly in the problems of internal medicine 

All patients who were admitted consecutively to the medical wards of 
the Peter Bent Brigham Hospital for an eight months’ period (Aug 1, 
1924, to April 1, 1925) with diagnoses of exophthalmic goitei, toxic 
adenoma of the thyioid, diabetes, acute and subacute nephritis, chronic 
nephritis, vascular hypertension, chronic myocaiditis with and without 
arrhythmia, cardiac infarction, angina pectoris oi chronic cardiac 
valvular disease were subjected to a thorough study of the eye- 
ground The ophthalmoscopic examination was made with the pupils 
dilated, at the same time that blood pressuie readings were made, and 
after the patient had been in bed for several days The blood piessure 
readings, therefore, piobably represent basal blood piessures Cases in 
which diagnoses were doubtful when the patients were discharged from 
the hospital aie not included in this report The original purpose of this 
study was to obtain a record of changes in the eyeground in certain 
groups of vascular and related conditions In addition, some comments 
will be made on the clinical aspects of the changes 

From the Medical Clinic of the Peter Bent Brigham Hospital, Boston 
‘*=This study was aided by a grant from the Proctor Fund of the Harvard 
Medical School for the Study of Chronic Diseases 
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In determining the presence of retinal aiteriosclerosis, I have adopted 
as primary evidence of its existence the ciiteria of O’Hare and Walker ’■ 
I quote their statement 

The two signs of arteriosclerosis (retinal) that are absolute and beyond 
criticism are compression effects at the arteriovenous crossings and 

irregularity of the lumen (of the arteries) 

They feel that the othei less impoitant signs aie too vaiiable and depend 
too much on peisonal judgment to be infallible As secondaiy evidence 
of retinal arteriosclerosis, I have accepted, m the order of their impoi- 
tance, the following (1) lack of uniformity in the light stieak, 
particulaily when dulled m segments and bright in others, (2) narrow- 
ing of the cential light stieak, especially m branches of the second and 
third order, (3) loss of tianslucency (eaily copper wire arteiy) , (4) 
naiiowmg of the whole vessel and (5) toituosity of two types the 
corksciew tortuosity of the macular arteiy and the “wide-looped” 
tortuosity of the larger vessels The first four changes are included 
undei departuies from the noimal in the noimal arterial leflex The 
wide-looped toituosity is probably due to loss of elasticity and rigidity 
of the main tempoial and nasal aiteiies These changes are considered 
by Mooie- as indicating letuial aiteiioscleiosis Typical copper wire 
arteiies, obhteiation, beading and calcification take then place togethei 
with iiiegularity of the lumen and arteriovenous compiession, as unde- 
niable evidence of retinal aiteiioscleiosis 

In the Intel pretation and comments on the i elation of sclerosis of 
the retinal vessels to vasculai hypei tension, I am accepting as my 
criterion the work of O’Haie and Walkei ^ and their observations on 
sixteen patients with noimal oi low blood pressures who previously 
veie known to have had hypei tension Fourteen patients in this group 
had definite letinal aiteiiosclerosis O’Hare and Walker believe that the 
recurrence of retinal aiteriosclerosis indicates the probability of a previ- 
ous Jjjrpe,' ipnsion Fiom my owui observations in examining similar cases, 
I am strongly inclined to verify then opinion This is also in accord 
with the view'^ ^eld by Fahr,^ w^ho says that so far as his investigations 
go, definite n i e^ularities of the lumen and arteriovenous compressions 
are indications oA a pievious hypertension, even though at the time of 
examination the bwod pressure is within normal limits 

1 O Hare, J P, Vnd Walker, W G Arteriosclerosis and Plypertension, 
Arch Int Med 33 34» (Tvlarch) 1924 

2 kloore, R F vRetimtis of Arteriosclerosis and Relation to Renal 

Retinitis and to CerebralX Vascular Disease, Quart J Med 10 29 (Oct -Jan) 
1916-1917 \ 

3 Fahr, G E PersonVl communication to author 
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The ophthalmoscopic appearance and the changes in the vessels due 
to sclerosis of the letinal aiteiies will leceive special consideiation when 
I comment on the changes m the caidiac gioup In this gioup the 
majority of cases showed definitely recognizable vascular changes, 
usually unaccompanied by any maiked retinal edema or letinitis This 
made detailed study of these changes possible However, there is no 
essential diffeience in the vascular changes desciibed in this gioup as 
compaied to those obseived in the cases in the other gioups m which 
letinal vasculai scleiosis was present 

GROUP I CHANGES IN THE E\EGROUND IN EXOPHTHALMIC GOITER 
AND IN TOXIC ADENOMA OF THE THYROID 

In the selection of the cases included m table 1, namely, those of 
exophthalmic goitei and adenoma of the thyroid, only patients with 
elevated basal metabolic lates weie included As the increased metabo- 
lism demands an increased cardiac output, and since inci eased caidiac 
output IS one factoi m pioducmg h 3 ^pertension and anothei is inci eased 
resistance m the vascular peiiphery, it seemed desiiable to study the 
letinal vessels in a gioup of these cases In exophthalmic goitei, 
inci eased caidiac output pioduces only model ate elevation of the systolic 
blood piessuie, if the pressuie is inci eased at all The inci eased cardiac 
output pioduces inci eased pulse piessuie, laigely by loweimg the 
diastolic blood piessuie if the vascular penpheiy is noimal There 
can be little doubt that the aiteiial system undeigoes some stiain m 
this adaptation In toxic adenoma (piobably because of the factoi of 
inci eased age), the diastolic piessure is more likely to be at a fixed 
level, and in older that the ciiculation may adapt itself to the inci eased 
cardiac output, an elevation in the systolic blood piessuie must take 
place The increased caidiac output is the result of inci eased cardiac 
rate 

The incidence of retinal aiteiioscleiosis m this gioup will be com- 
mented on with reference to the absence or presence of hypei tension,^ 
and not on the basis of the clinical diagnosis, since the diagnosis was not 
always definite on whethei the case was one of exophthalmic goitei 
or of toxic adenoma However, out of eleven cases in which the condi- 
tion was diagnosed as exophthalmic goiter, only four (128, 134, 136 
and 139) showed definite letinal aiteiiosclerosis In these four, three 

4 In tins, as well as in the other groups studied, a systolic blood pressure 
of 145 mm has been arbitrarily chosen as the dividing line between nonhyper- 
tensive and hypertensive cases Patients with a systolic blood pressure within a 
range of from 145 to 160 are considered to have slight hypertension, while a 
range of from 160 to 180 indicates moderate hypertension and above 180 marked 
hypertension I am aware that many clinicians will consider from 145 to 160 mm 
a low range to come within the definition of h 3 ’^pertension 



Table 1 —Changes m the Eyeground in Patients with Exot>hthalimc Goitei and Adenoma of the Thyioid 


Ul V tfi 

CQ “G W 
O o o 


Cl'S a 
w m n 
o o o 

J- n s 

CJ o) H 




a 


M <— I 


a 


« 


— a 

a 


^ S 

O O 

|i 

« 

a 

^ o 

p"? 


M 3 
O O 

^5 


o 

rt t<4 cn 
O « *;:! 


to f- 

QJ 7* 


t-> p 

p o 

•= 


a fl fl a 

^ ^ 

O o ^ 

^ fi f -4 

O o O o 




w 


s WJ s CO 
tM 0<W O 

4j 4 ^ ;-i 

^ qj ^ o 
p o P’S 
Q m O 

R fl 


CO cr — 
'5 TO G C 
O O rj 

P Otj- o 

O M'S TO O 

P P 52 ; 


+ 


TO C * 
*3 TO fl 
»M O ^ 

4 ^ M (U 

P'S 

©TOO 

R 125 

+ “ 


o ® 

fH TO 
o u 

*0 S 

C»2 « 


C o 

^ fl ^ 
r O 2 

43 « TO 2 2 

C P o 

3 s «-s 

O P * cy TO 

?2; P 


OoO o +1 +1 


+ “ 


<P c> o 


+l 


+ 

+ 


000 + 


O o 


+ 

+ 


+1 


o +0 


+ 

+ 


4 - 

4- 


0+00000 o 


+i++ooo + 


+ 

+ 


o c> o o o o 


00+0000 o 


rfg 000 00 + oo+oooo 

f^S 


o 000 000 0000000 

o 


R 


a°-£ 

cd 

s 

o 

PJ 

H 

’ J, ® 
fl , Cfl 

Sproooooo 0000000 

w -s 


000 000 0000000 


Pri 

efl : 


R R 


p 

p 


' fl-: 

•P 


a o GJ 

^ TO TO TO 

TO TO TO 

■‘j o ® O p o 

* p-l -*-' M * • 


p"p"a^ p^'2 
cp ocp o cS CJ fl 
Too o W fl 

^ p p 


4- 


4- 

4- 


<=’ 4- 


4- 4- 
4- + 
4- 4- 

o + 

4- 

4- 

o + 

4- 


'p 
W 

'fl COM<C^ Co CO o 

©TOg ot~t- la 65 

p 2 P « 00 S’ 

S^TO OrHr-t 1-1 c5 CO 

P" rHr-«r-< r1 P r-t 


t** 60 t— b— o S 

CO Co O CO 5 r frT 

CO Co -H lf5 


ss 


to 

< 


BB 

TO TO 


o o- 
u u 
>%>* 


O'fl 

tc© 

o 


o o 
C.P.' 
>*>> 
H-tVH 


7: p.’ 
^ >» 
p.“ 
Ojz 


C^J CO 

©Srp TO 
tfi © ^ - 

o *-• fl — 

>»cj 5 

S-fl ® 2 

»fl ^ 

fl O S-fl 

SOS': 


00 CO O fio 

’O' CO 10 




S R 

S2s 

£4 '“ — 

o 


fl o 

tJ 

p p p,. 

p"S 


fls 

O TO 
“6 

is 

fl £>, 






i. o 
6^ 


sO 0 = 


1:1 


o ^ 

' ■ 

p 


t 7 

q> o o> 

- -gtiH 

O TO O TO O m 
tD^ fcfl^ 

H'SHo-Jio 
B !3 p a 
.S «H >,S w 

a g C-J 3 c-^ 

J-i^M t’' 

p o j© c» 

' 5 .“'Sgp .5 

o o ??o S 

K — ' /' 

H R W 


Urjt-' ti 
o P <y o 
■*■* y p 4 -» c 

P P fl P fl 

O ^ O TO O TO 
tCj2 tc;5 
W — O 3 O 3 
P P P o P o 

po P ^ P R« 

>*B >> 

sispi 

' fl*ii fl* S ft Si 

o 5 ^ o ^ 

p 

p «p p 


s 2 g 

■3 4 -> P 

fl'fl rt 
tSiuB 


O 

4- 


+ + 
+ + 


000 


+ 


+ + 


+ + 
+ + o 


- i + 


00 000 


o o 000 


00 000 


00 000 


oST! 000 000 000000 + + 00 + 00 

P C5 

p 

3 000 000 0000000 < 


00 +00 


sis 
s § s 


!o 


a tH “3 
■S flJ fl 
#-‘.2 
TO fl <0 
TO "fl Q 

© o 2 

^ M 

fl 

'3 flj 3 

--do 


+ 

+ 


+ 

+ 


+ 

+ 


+ 

-f 


-i* 

4- 


00 000 + 


+ 

+ 




gs 

O TO 

U}| 


p; 


tta o S 

t£p o piP 


P o ^-1 
fl 00 

S >> 5 p 

5 Sfl 
5 2'p 
go § 

O tl u 
fl 

Rod 


SES 


S !», 

d-d 


§1 

H 


OoO 

fe.S o Si 
553 sS 

lplg 


°|R 

R 


-a ' 
< 


-2fe 2g 
S’® OB'S 

0 y fcXJ 

Sgsg'S 

■sis ss 

73 S fl S 
fl 03 0.2 

Ig^gi 

c= 2 2 2 b 


^ p 
fl a'd 2 
g fl Pt 2 
©.22 

flS ‘"r 

'SgS.D 
« S’g'S 

OS d R 
S 3 o’S 

&e&s 

E- " 3 


■'R o R 


^ I 




ss 


ALTNOW— CHANGES IN EYEGROUND 


761 


of the patients (128, 136 and 139) were of an age at which the 
vascular degenerative piocesses begin to manifest themselves Three 
patients (137, 138 and 140) with a condition diagnosed as toxic 
adenoma showed definite retinal arteriosclerosis They also fell into 
the same age group The incidence of retinal arteriosclerosis m the 
nonhypertensive and hypei tensive patients is shown in table 2 

SUMMARY OF GROUP I 

When this group is viewed as a whole and the cases in the sixth 
decade and oldei are eliminated, one sees a rather striking absence of 
retinal ai teriosclerosis This lends support to the idea, expiessed later, 
that retinal aiteiiosclerosis is secondary to hypei tension This is, to 
some extent, in accoid with the observations of Benedict,® who states 

Cardiac stimulation alone is insufficient to produce vascular sclerosis, even 
with the presence of long-continued high blood pressure, is the conclusion reached 
after the study of exophthalmic goiter 


Table 2 — Retinal Ai tettosclci osis in Gioup I 



Definite, 

Doubtful, 

None, 


Percentage 

Percentage 

Percentage 

Witliout hypertension 

83 

250 

C6 7 

With hjportension 

S75 

00 

12 5 


GROUP II CHANGES IN THE EYEGROUND IN DIABETES 

The changes in the eyegiounds of forty-seven diabetic patients of 
all ages (childien under 12 years excluded) are included in table 3 
The frequency of the occuirence of letinal ai teriosclerosis is shown m 
table 4 

SUMMARY OF GROUP II 

In the nonhypertensive and hypertensive groups together, the inci- 
dence of retinal aiterioscleiosis was 42 5 per cent Accoiding to the 
criteria adopted in the inteipietations in this study, it would mean that 
this many patients probably had hypertension prior to, or during, the 
diabetes O’Hare and Walker ® suggest that hypertension may play an 
important part m the etiology of diabetes in eldeily persons, and that 
hypertension, instead of terminating in ceiebral arteriosclerosis, cardiac 
failure or chronic nephritis, may terminate in diabetes O’liare,^ in 
a study of the dextiose tolerance of patients with hypertension, has 

5 Benedict, W L Retinitis of Hypertension, American Medicine, new 
series, 17 467 (June) 1923 

6 O’Hare, J P , and Walker, W G Heart in Hypertension, Boston M & 
S J 190 683 (April 24) 1924 

7 O’Hare, J P Glucose Tolerance Test m Chronic Vascular Hyperten- 
sion, Am J M Sc. 160 966, 1920 
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found that a laige majoiity exhibit a diabetic cuive He suggests that 
all patients with hypei tension are at least potentially diabetic patients, 
and that sclerosis of the vessels of the pancreas ivith resulting insuf- 
ficiency of the islands is the probable explanation for the inciease in 
blood sugar 

In the group examined in this study, the average age of diabetic 
patients with definite retinal arteriosclerosis was 57 5 3 '-ears, while in 
those showing doubtful oi no letinal aiteriosclerosis, the average age 
was 33 Definite or doubtful arteriosclerosis did not occur in any 
patient under 30 3 '’eais of age If the piesence of retinal arteiiosclerosis 
IS a sign of sclerosis of small vessels in other parts of the body, this 
appears to indicate that sclerosis of small vessels may be a factor in the 
production of diabetes aftei SO yeais of age, it is, at least, a common 
occuirence Sclerosis of the small vessels does not appear to be a 
necessary factor in the pioduction of diabetes in the young peison 
Some degiee of sclerosis of the choioidal vessels and chorioretinitis was 
present in 40 per cent of the cases Adam ® mentions diabetes as an 


Table 4 — Rehnal Aitcnosclei osis m Gioup JI 




Definite, 

Doubtful, 

None, 



Percentage 

Percentage 

Percentage 

Without hypertension 


SI 6 

13 9 

50 0 

With hypertension 


S18 

91 

91 


occasional cause of this condition, it is found with greater frequency 
in the diabetic group than in the other groups included in this series 

Changes in the disk were infrequent as compared with changes in 
the eyegiound in hypei tension and nephntis, onl 3 >- two cases showing 
definite papilledema Theie weie other causes for the changes in the 
disk obseived in the series of diabetic cases In case 157, there was 
an old papilledema with secondaiy atrophy, accompanied by marked 
vasculai scleiosis and retinal change, while in case 165 there was a 
question of tumor of the brain associated with the diabetes Shafer ® 
and Grafe both comment on the absence or infrequency of papilledema 
m diabetes 

Not counting small deposits of pigment, eleven of forty-seven cases 
of diabetes showed some abnormal letinal changes Eight cases showed 
small, round hemorrhages in the deeper layers of the retinas, in one 
instance, case 187, there was a single, large, round hemorrhage In 
contrast to this, only two cases showed superficial flame-shaped or 

8 Adam, Curt Ophthalmoscopic Diagnosis, Berlin, 1913, trans by- 
Matthias L Foster, New York, Rodman Co , 1913, 229 pp , 48 pi 

9 Shafer, J J Diabetic Retinitis, Am J Surg 32 67 (March) 1918 

10 Volhard, quoted by Grafe, E Changes of the Retinae m Diabetes, Klin 
Wchnschr 2 1216 (June 25) 1923 
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11 regular hemorrhages Four cases (163, 174, 176 and 183) showed 
small yellowish-white spots or macular fan formation (or incomplete 
macular star) in the central portion of the retinas This type of 
retinitis, together with small, round hemorrhages, is considered by many 
observers as charactenstic of “diabetic retinitis ” In two cases, 163 
and 176, there was beginning fan formation In every instance, the 
patients who had retinitis weie above 40 years of age and had definite 
retinal arteriosclerosis Tliiee had a systolic blood pressure above 
145 mm at the time of examination 

There is some diversity of opinion as to whether or not diabetes in 
itself produces characteristic letinal changes Wagener and Wilder 
state that retinitis does not occur m uncomplicated diabetes Volhard 
(quoted by Grafe ^°) says that he has never seen diabetic retinitis when 
it was not associated with hypertension Garrod states that diabetic 
retinitis occurs only in elderly patients, while Bai dsley calls attention 
to two cases seen by him in patients 26 and 35 years of age The first 
patient had a normal blood pressure 

The prevailing opinion, and probably the correct one, is that 
expressed by Garrod,^" Friedenwald,^^ Grafe and Wagenei , that 
vascular change and hypertension are the factors of primary importance 
in the production of diabetic letinitis, while hyperglycemia and metabolic 
disturbance are of secondary importance and responsible for the indi- 
vidual characteristics 

From the visual impressions that I have retained after examining 
this group of diabetic patients, I would say that the following appear- 
ances suggest diabetic retinitis (1) a retina that is redder than normal, 
wnth a brilliant arterial reflex, (2) the presence of small, lound hemor- 
rhages which appear through the ophthalmoscope to be from 1 to 2 mm 
in diameter, (3) small, discrete, yellowish- white and grayish-white 
spots seen in groups on the central field of the retina, (4) fan forma- 
tion, (5) retinal arteriosclerosis with disks that appear normal or 
nearly normal, and (6) some degree of sclerosis of the choroidal vessels 
in the periphery 

GROUP III OBSERVATIONS ON THE EYEGROUND IN ACUTE 
AND IN SUBACUTE NEPHRITIS 

The opportunity to examine a large number of patients with acute 
and subacute nephritis did not present itself during the period of study, 
because a majority of the patients in the medical wards had reached 

11 Wagener, H P , and Wilder, R M Retinitis of Diabetes Mellitus, 
J A M A 76 SIS (Feb 19) 1921 

12 Garrod, Sir Archibald Diabetes in Relation to Diseases of the Eye, 
Arch Ophth 1 378 (July) 1921 

13 Bardsley, P C Ibid , p 384 (Discussion of Garrod’s paper ) 

14 Friedenwald, H Diabetic Retinitis, J A M A 85 428 (Aug 8) 192S 



Table 5 — Changes m the Eyegtotind in Nine Cases of Subacute Nephritis 
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an age when acute nephritis is rather uncommon However, nine 
cases were studied, and the results are given m table 5 Three patients 
shoved definite arteriosclerosis, including two patients with definite 
h)"pertension Case 76 is interesting because the patient always had a 
normal or low blood pressure during the long period that he was under 
observation He also had marked albuminuria with a large number of 
fatty casts and marked edema, a low basal metabolism and a practically 
normal renal function, except for a slightly diminished phthalem output. 
Clinically, his condition resembled nephrosis It was difficult to explain 
his retinal arteriosclerosis Later inquiry into his previous medical 
history, however, levealed the fact that prior to his admission to the 
Peter Bent Brigham Hospital he had twice been a patient in the 
Massachusetts General Hospital on account of hypertension His record 
there showed that his blood pressure readings varied betveen 130 


Table 6 — Suviiiwiy of Chaugcs in Eycgi oiiiids m Gioups IV and V 



Chronic Nephritis 

Vascular Hypertension 


20 Cases 

20 Cases 

Disk papiUedemi 

35 

10 

Increased vascularit% 

14 

6 

Hemorrhage 

1 

1 

Retinal edema 

14 

4 

Hemorrhages 

16 

0 

Buff, gra^ white, vellowish white and white 
spots, powdery spots 

Cotton wool spots 

12 

11 

4 

3 

Macular fan or star 

8 

2 

Definite retinal arteriosclerosis 

13 

17 

Sclerosis of choroidal vessels 

6 

6 

Examination of tessels unsatisfactory because 
of retiml edema, high refractive error, etc 

3 

2 

Arteriosclerotic change in macula 

2 

0 

Retinal detachment 

2 

0 


systolic and 80 diastolic and 170 s}stohc and 110 diastolic Since I 
left the Peter Bent Bngham Hospital, this patient has undergone a 
decapsulation operation Dr O Hai e, in a i ecent communication, states 
that a biopsy specimen removed at operation showed nephrosis with 
glomeruhtis 

With the exception of one patient Avith slight papilledema and retinal 
edema, the retinal changes in patients with nonhypertensive nephritis 
were negligible Retinitis vas present in onl)’- two cases (79 and 30) , 
both patients had hypertension 

GROUPS n AXD V CHAXGES IN THE EYEGROUND IN CHRONIC 

--T'ifpH^TIS AND IN VASCULAR HYPERTENTION 

The changes in cases of the patients with chronic nephritis and 
lascular hj^pertension^re interesting when compared with one another 
A summar} of the impl?rtant changes is seen in table 6 Before com- 
menting on the changes, perhaps I should mention that the majority of 
these patients had either v^vere nephritis or severe hypertension and 
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■^vere admitted to the hospital because they showed S 3 '’raptoms which 
made us feel that it was not safe to allow them to continue as ambula- 
■tory patients Their condition, therefore, was usually of long standing 

A study of the tables shows that the incidence of papilledema, 
retinal edema, hemorrhage, macular fan and star formations, arterio- 
sclerotic degeneration in the macular region and retinal detachment was 
g'reater in patients with chi onic nephritis than in those ^\ ith hypertension 

Tuo vieus aie held concerning the production of papilledema in 
nephritis and hypertension Larsson behe\ es that it is a manifestation 
of increased mtracianial pressure He cites the cases of eleven patients 
with papilledema, all of whom had an inci eased cerebrospinal fluid 
pressure, var}ung from 200 to 600 mm In two of five cases in which 
spinal drainage was peifoimed, there was temporar}’- improvement m 
wision and choking was less marked, in the other cases, there was no 
improvement, or the visual impairment was increased Larsson quotes 
von Hippel’s statement that increased lumbar pressure is necessaiy in 
choked disk, and that it practically does not exist in the absence of it 
Volhard states that the whole picture of nephritis “neuroretinitis” can 
be explained on the basis of arterial ischemia 

Moore- considers edema of the disk and the secondary atrophy 
due to disease of the vessels and their inability to transmit an efficient 
supply of blood 

I cannot express an opinion as to which of the foregoing two factors 
is operative in the production of papilledema Spinal drainage was 
resorted to in case 88 The choking was marked, and long hemorrhages 
■^^ere radially arranged around the disk, not unlike the petals of the 
dahlia Daily observation of the eyegiound did not shov any change in 
the retinal edema and papilledema after the lumbar puncture, and the 
patient’s condition became definitely worse For this reason, there was 
some hesitation in the furthei application of this method as a thera- 
peutic procedure 

In commenting on the retinal changes that take place as a lesult 
■of nephritis, I adhere purposely to the somewhat nondescript designation 
of “spots,” instead of referring to them as retinal exudates With 
the exception of cotton vool spots, the retinal changes are probably 
•due to a fatty or hyaline degenerative process or in some instances of 
colloid deposits 

Moore states that pathologic processes of the most diverse origin 
will produce white spots or areas in the letina Adam ® is of essentially 

15 Larsson, S W Choked Disc in Nephritis, Acta Ophth 1 193, 1924 

16 Volhard Die doppelseitigen hamatogenen Nierenerkrankungen, Staehehn, 
Handbuch der mneren ^ledizin 3-2, 1918, quoted bj Larsson (footnote 14). 

17 I^Ioore, R F Medical Ophthalmology, ed 2, Philadelphia, P Blakistohs 
Son & Co , 1922, p 178 
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the same opinion concerning their origin, but also believes that fatty 
degeneration is the principal cause Semple and Duvigneaud con- 
sider cotton wool spots to be, at least at the time of their appearance, a 
network of fibiinous exudate Moore ^ has found cotton wool spots, 
particularly m those cases in which the toxic element of nephritis is 
prominent The various degenerative spots aie most probably due to 
ischemia of portions of the retina following changes in the retinal 
vessels which result in a diminished vascular supply, the cotton wool 
spots, if caused by a toxic element, may be due to exudation resulting 
from the action of the toxin on the endothelial lining of the retinal 
capillai les 

While the significance of the buff spot is not understood, the fact 
that it was observed with greater frequency than the other vaiieties of 
spots and that it also occurred when no other spots were present may 
indicate that it is the for ertinner or any early stage of the other degenera- 
tive spots However, I have not seen these buff spots actually change to 
giay-white or white spots The fine “powdery” white spots, or exudate 
as termed by Moore, were seen in cases 86, 90 and 91 He interprets 
their presence as indicating a subsidence of the retinitis ^ He reports a 
case in which there was a complete disappearance of the retinitis when 
the patient was examined seven and one-half years later, at the time of 
death, which was due to the development of uremia He believes that 
retinitis is a self-limited condition, and that a patient who has once had 
retinitis is protected against further reci udescence 

Tresihan also reports a case of a boy, aged 15, who had subacute 
nephritis, edema, marked albuminuria, papilledema and albuminuric 
retinitis with macular fan when this author first saw him Tresihan 
did not see the patient again until six years later, at the time of his 
death from uremia Retinitis was not piesent nor was there any record 
of the blood pressure oi blood chemistry 

When I examined the patient in case 86 nine months later, the 
“powdery” white spots and well developed fan had almost completely 
disappeared 

Cotton wool spots were found in three cases of hypertension (107, 
109 and 116) The patient in case 109 developed a sudden renal insuffi- 
ciency and died about six weeks later At the time of his retinal 

18 Semple, N M Some Questions Concerning the Method of Development 
and the Pathology of the Retinitis of Bright’s Disease, Am Path Soc. 12 817, 
1909-1911 

19 Rochon-Duvigneaud Albuminuric Retinitis, Ophth Rev 31 307, 1912, 
quoted by Benedict (footnote 22) 

20 Tresihan, F Albuminuric Retinitis as a Prognostic Sign, Brit M J 
1 148 (Jan 27) 1923 
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examination, lie had normal lenal function At present it is not possible 
to trace the fate of the othei two patients 

In five of eight cases of chi onic iieplii itis m which a maculai stai oi 
fan was seen, my notes state that it was coaise, m the other tliiee, its 
appeal aiice was not noted, m vasculai hypei tension, the fan was 
described as fine in one instance, in the othei, no special note was made 
Moore ^ states that m aiteiiosclerotic letinitis and lenal retinitis, the star 
or fan may be present in either case, but that in the forniei the stai is 
composed of small dots, while in the latter the dots aie laigei, less dis- 
crete and tend to coalesce and foim lagged and iriegulai lods, with 
edema usually present My impiessions, gatheied from fuither obsei- 
vations, lead me to believe that the lines in the star or fan, when it is 
present m vascular hypei tension, aie likely to be moie finely “penciled ” 
While in the individual case it may be impossible to tell whethei nephi itis 
exists m a patient with hypei tension, examination of the eyeground will 
leveal ceitain changes which occui with gieatei incidence when nephritis 
IS present, as is bi ought out in tables 7 and 8 When one takes into 
considei ation the fact that the gioup of patients with nephi itis includes 
two with normal tension and that the condition of the vessels was moie 
difficult to deteimme, paiticulaily because of more maiked letinal edema, 
it will be seen that the incidence of letinal aiteiioscleiosis is about the 
same When theie aie only one oi two definite venous compressions, 
01 the iriegulaiity of lumen is confined to one oi two vessels, letmal 
aiterioscleiosis may, under these conditions, easily be ovei looked It is 
Mooie’s opinion^ that vasculai disease is less of a feature m renal 
retinitis Only one patient (case 99) showed definite phlebosclei osis 
Sclerosis of the cfioioidal vessels was obseived m six cases m which 
hypertension and nephi itis, weie also present With two exceptions, it 
OCCUI red in association with definite letinal artei losclei osis 

Artel losclerotic changes m the macula with a collection of buff spots 
and later retinal degenei ation with pigmentation were observed in thiee 
cases of nephritis , namely, cases 84, 94 and 100 Adam ® believes that 
the spots aie due to a colloid deposit and later, degenei ation produced 
by vascular change in the blood supply of the macula This is usually 
supposed to be a senile change, but m cases 84 and 100 the patients were 
36 and 37 years of age 

In cases 90 and 99, the patients exhibited detachment of the retina 

“Guttate” choroiditis, showing isolated collections of yellow spots, 
was seen m one case (106) , the patient was 65 years of age This is 
considered to be a senile change 

My impression concerning retinitis m hypertension and nephritis is 
that while the underlying cause is the same, namely, vascular change, the 
more lapid late of piogression in the retinitis of nephritis is probably 



TABLr 7 —Changes vi the Eyegioxind m Cases of NepJuitis and Vasculat Hy pet tension 
■n.cia Artcrlcs Veins 


t-i G 7 

cy*^ 

P 4 -> ^ I 
^ M I— • 

“•S «5 


°'3oc-g21 
a '^Sg' 
tingogt^ , 

a «> K c* < 


: “gs 


i o 'O o 
su g So 

3 OT O w 


33 <-72 c ors 
5 a c-=j 2 2 


^■sa 5 ^ Sea 

O W f-l >J 
j^Tc: M *0 ^•<-» M 

S S s 6 M° 

tXl /r, Wo S' 

g -2 

E!j 2 S^a o a a 
o e^ m o 

R R 


+J O ^ ^ 

^ p, p i 

“S'a-g g c* 
g S o'a Mo^ 

Sn-a p- 23 a- 

S a “x:a = 

•SOsjgagMES 

la ^ ^ 


3:2 M o r* a 3 

:3 g-s-gra 

So o g 
-,*3 O^ C P. ^ 

- = f= « ys =* 

Hip a S 

s’ . 

.-w tn O g M 
“g 3Pui5 
2o "2’ 3 “ 
sss'asa'g^, 
30 03 sa oS 
S R 


Papill 
edom i 

0 

+1 

0 

- 1 - 

-I- 

-f 

+ 

+ 

1 

-h 

-I- 

+ 

-1- 

-f 

+ 

+ 

a 










S.S 

S'? 

0 

0 

-f 

+ 

0 

+ 

-i- 

+ 

+ 

+ 

-1- 

•«-> 










. tA 










Tor 

tuou 

0 

0 

0 

0 

-J- 

-f 

1 

0 

e> 

+ 

-i- 

Arccrio- 

sclcro- 

sis 

0 

4 - 

+ 

-f 

-f- 

+ 

+ 

-i- 

+ 

-f 

I 

-h 

-i- 

+ 

+ 

+ 

-h 

+ 

+ 

Irreg- 

ular 

0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1 

-f 

+ 

+ 

++ 
- 1 - + 

0 

W 

*-< D 
p 0 

0 

0 

0 

+ 

0 

1 

0 

0 

-!- 

+ 

r< P 

•M 




+ 





+ 

Pig- 

ment 

0 

4* 

0 

0 

+-h 

0 

-h 

0 

0 

W 

0 

0 

4 - 

+ 

+-f- 

-f 

4- 

4“ 

4- 

4 -+ 

-f 

+ 

- 1 - 

c< 

CO 


4 - 

+ 

-}--i- 

+ 

-i"f 

+ 

-i- 

Hem- 

or- 

rhage 

0 

0 

+ 

+ + 

+ + 

0 

0 

+ 

+ 

-h-f 
+ + 

+ 

+ 

C» 

s 

0 

'D 

0 

0 

+ 

+ 

+ 

+ 

0 

0 

+ 

+ 

-f + 
-f + 

+ 

+ 

+ 

Hcm- 

or 

rhago 

0 

0 

0 

0 

0 

0 

0 

++ 
-}- + 

0 











crease 

Vnscu 

larity 

0 

0 

+ 

+ 

0 

0 

+ 

+ 

+ 

H- 

P 

HH C 3 

a 

u 

'O 

0 

0 

+ 

+ 

+ 

+ 

-f 

0 

0 

+ 

+ 

+ 

+ + 
-i- + 

+ 

+ 

- 1 - 

ls2 

g 

00 

!> 

g 

s 

r-i 

s 

f-H 

CO 

rH 

rH 

rH 

-n 

0 

rH 

g 

rH 

p 

gfM « 

o' 

rH 

iH 

< 5 * 

01 

rH 

0 

rH 

0 

rH 

s 

r-H 

ft? 

C 5 

rH 

o' 

0 

rH 

0 

rH 

s 

0 

tfl 

< 

CO 


g 

g 

S 

W 

CO 

S5 

fe 

•H< 

CO 


“ s"n e "S e 
^E-=S ~B 
&a oS S " 

p O p O P o 
0 ^ 0 ^ o — 

Pi^*cH p 5 


■a ■saaspg 
a s E 2-s s S 

' cn p. o w C. § 52 
a 0*3 a P 
;§ Co§a^“ 

. o Opi ^ 2 

I o Qii oac 0 
■Pi O a Pi o— 5 
:p 3 >- '■^33 2 


0^5 00 S 3 


s § 



CO CJ I 
C3 d ' 

H P A 
^ O I 

, 


[*w o 
, o „ 

I p< V 

CG-I 


O’iS 

p 

4^.9 

P 

§ O 

S-^ 

J3 

O 

« p 

ft 


pt? 

g^« 

P Q 




S|o 

ggg 

cs 


o - 


- fl. 

S5l» 

< 1 ^ o 
p* o'C 
P fe 

” -.o 
«$« 
OT 5^"* 
O 6^ 

s'S'2 

tH P 
O P 


^ U ^ W 

^ g*w G 

= «i“ 

oSp- 


I T3 Si 

* •« P 
w « 


to 

5 p 


a^ 


o 
P 

P Qi 
O P>> 

D 


O 


m mS 

4-» <U +-• 

° M C 
P< Oj 03 

«1+J^ 

ft 


S S S § 01 a 

«as 

P ^ 

i/i , 

g *«go£ 
o o^ 
o P* ^ 
to to o 
p 


* o pt: 
^ 5:1 S a 
> OP3 o 
p 


-a ti)*3 
o a ^ 

“S3 

m-S “ 

"|?S 

® rQ 
9 -CO 

^ to +3 
tp P 3 
bX)P 

top3 o 

“fag 

O o - 

»H p t-( 

« P O 
o pp: 
eo>P u 


s?SJ2to-t; 


a “ ” 
Si 

Ui 


■iT tfi P 

O CJ CO 

M 

g . .S 

i42^" 
S oZ S 

P* tO»Q 

g^gs'O 

P tZ -»j CJ ^ 

too*tf p 5 
Qj p, O a O 
M pO p CJ 

xn 


o 

^ 9 

1^ 

« M 


p 

«= 9 
C S a 
® -s ” 


■g a 
S 2 

»a 

St: 

P CJ 

p p< 
p >» 

*-'fp 

O 


£3 OT 

oa-g 

O CJ 

P t3 /p« ^ 

•M O^ to 

p 


o o 

g-s 

■es 

P A 
CJ 

giS 

5 p 

■sa 

CO CO 

to ^ 

©OOP 
« ^ ^ti 
p^ie p 

(CJ p Oca 
^ to to'^ 

P P 


O P “ 0^*3 

,5 fcfl ^ S 44 

CJ^ XT CJ ^Xq 

-M !,«■»-» 

M . •« CJ H ^ 
p ^ ^4 r* p w p 

^ g|t:^'S| 

p C- Cj p ^ 2 
P P »P Q CJ S 
P P CJ — fri 

^ G) CJ 

^ .T ^ ^ - 55 
to ^ “ d 

O S,CJ CJ o S 

U. ^ P.-M p, 

o U) p,p CJ ^ 

CJ^ Otc CJ 2 
c/j'O to P 

p 


o 

o 

+ 

O 

o 

o 

o 

+ 

+ 

o 

+ 

+ 


+ 

+ 

+ 

+1 

+ 



+ 

+ 

+ 

1 

+ 

+ 

+ 

+ 

1 

-1- 

+ 

+ 

H- 

H- 

+ 

+ 

+ 

o 

o 

o 

+ 

+ 

+ 

o 

+ 

+ 

+ 

+ 

+ 

+ 

o 

o 

o 

o 

1 

o 

+ 

+ 

o 

++ 

++ 

1 

++ 

++ 

+ 

-f- 

-f 

+ 

+ 

+ 

1 

+ 

4- 

+ 

+ 

-H 

4“ 

+ 



+ 


+ 


4- 

4- 

+ 

+ 

+ 

I 

e> 

+ 

+ 

+ 

+ 

+ 

1 

+ 

+ 

+ 

+ 

1 

+ 

+ 

+ 

+ 

+ 

*f 

-f- 

4~ 

++ 

++ 

+ 

o 

+ 

■h 

-f 

+ 

+ 

+ 

o 

+ 

+ 

o 

+ 

+ 

o 

o 

o 

o 

+ 

+ 

++ 

+ 

4. 

+ 

+ 

+ 

© 

+ 

++ 

+ 

.t- 


+ + 

++ 

+ + 

+ 


+ 

++ 

■T 

+ 


4-4- 

++ 

-l_ 

+ 

+ 

-f 

+ 

+ 

4- 

-f- 

+ 

-f+ 

++ 

*r 

+ 

+ 

-h 

+ 

+ 


+ 

+ 4- 

++ 

+ + 
++ 

O 

o 

-h 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

+ 

+ 

+ 

-f- 

+ 

+ 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

++ 

4-4- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

o 

+ 

+ 

+ 

3 


?s 

00 

CO 

o 

■If 

-n 

S 

to 

CO 

IP 

fo 

tra 

»H 

r-t 


tH 

rH 

rH 

tH 

iH 

tH 

r-l 

CO 

o 

S' 

51 

s 

r-< 


8 



S' 

s 


C<1 

(N 


oi 






8 

s 

3 

C5 

CO 

I> 

la 

O 

IP 

t- 

3 

g 

Oi 

Ml 


u 

x: 

Pi 


p 

o 


x; 

Q 


8 


fa ^ 
aS 

p^ 

9X1 
a-fa 
o > 

jp 

O 


P 

£2 

Aq 
CJ H 
P^ 

CJ *-* 

=: CJ 

P Pi 
O t>» 
^»P 
JP'^ 
O 


2 

S|2 

“Is 


P'0 

CJ 

u 

*5*^ 

p , 


CJ 


x: ' 
O 


; A 
■ >» 
:XJ 



plilebosclerosis 

Clironic nephritis, 37 272/lCO +++ ++ 0 +++ ++ ++ ++ ++ ++ ++ ++ ++ 0 ++ Definite retinal arterio- 
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Table 8 — Changes m the Eyegi ound m Cases of N ephi itis and Hype) tension 
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ARCHIVES OF INTERNAL MEDICINE 


responsible for such diffeiences in appearance as exist The frosted 
window pane in the bedroom shows more delicately traced figiiies than 
that in the kitchen, where the humidity is higher and the heat greater and 
the fiosting proceeds at a more rapid late The rate of formation may 
account for the difference in appearance of the macular fan or star 

The consensus of opinion is that the retinitis of chronic nephritis is 
due either to retinal arteiioscleiosis alone or to letinal ai tenosclerosis 
plus an added toxic, or rathei an unknown toxic, factor In addition to 
authorities aheady quoted, the former view is held by Schieck and Vol- 
hard,^^ those inclined to the latter view are Benedict,^" Wagener,’^^ 
Spir and Ramsey 

Behan,*® quoting Bulson,^® disagi ees with Benedict in that he believes 
that h}'pertension is the most prominent factoi in the production of 
retinitis He cites a case of toxemia of pregnancy in which he saw 
the formation of macular stai occur in two weeks However, there is 
no statement to the effect that the patient had a normal blood pressure 
before the onset of the toxemia Later in his article, he makes the rather 
remarkable admission that he finds 87 per cent of letinal vascular change 
and 100 per cent of retinal degeneiation accompanied by hypertension 
On the basis of Behan’s figures, it is difficult to comprehend how he finds 
It possible to deny a relationship between vascular hypei tension and 
retinal ai tenosclerosis and retinitis To sustain his position, he calls 
attention to the fact that about 20 per cent of the patients with retinal 
arteiiosclerosis do not have h 3 ^pertension It is piobable that if the 
previous vascular history of these patients were known, it would be dis- 
closed that at some time they had a hypertension 

The question as to whethei letinal arteriosclei osis piecedes or is sec- 
ondaiy to hypertension is still debatable It is impossible to diaw any 
conclusion from the cases included in this study I have lecently had 

21 Schieck, F, and Volhard, F Netzhautveranderungen und Nierenleiden, 
Zentralbl f d ges Ophth 5 465, 1921, quoted by Benedict (footnote 22) 

22 Benedict, W L Retinitis Associated with Disease of the Cardiovascular 
System, New York M J 117 741 (June 20) 1923 Retinitis of Hypertension 
Plus Nephritis, J A M A 78 1688 (June 3) 1922 

23 Spir, E Retinitis in Chronic Nephritis, Munchen Med Wchnschr 72 r 
1030 (June 19) 1925, abstr J A M A 85 556 (Aug 15) 1925 

24 Ramsey, A Maitland The Significance of Albuminuric Retinitis m 
Chronic Renal Cirrhosis, Practitioner, 114 354 (May) 1925 

25 Behan, J L The Fundus Changes in Nephritis, J A M A 78 1691 
(June 3) 1922 

26 Bulson, A E, Jr Abstract of Discussion of Paper by George Slocum, 
A Study of Ophthalmoscopic Changes m Nephritis, J A M A 67 5 (July 1) 
1916 

27 Behan, J L Proceedings Eye Section, New York State Med Soc, 
April, 1922, quoted in footnote 25 
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tinder observation two patients with the nephritic type of toxemia of 
pregnancy dining their hist pregnancy who had normal blood pressmes 
during the first months, one of wdiom did not show any vasculai change 
until she had had a maikedly elevated blood pressure foi fiom three to 
four months The second patient had marked vascular changes six 
weeks after delivery of a seven months’ fetus, at which time she had 
hypei tension In the fiist case, the fundi iveie examined fiequently, 
but m the second case, only one observation was possible As the 
patient did not give a history of nephiitis, and as she had a normal blood 
pressuie during the fiist months of her pregnancy, it may be assumed 
that the letinal arteiioscleiosis manifested itself ivithin a peiiod of five 
months 

Benedict states that it is cleaily evident that hypertension may be 
present long before changes m the retinal vessels take place He says 

In a great many persons having essential hypertension with a diastolic pres- 
sure of 160 or more and a systolic pressure of more than 200, the retinal vessels 
^ show not a single sign of thickening or other change 

i As Benedict has access to a laige clinical material which includes 
many ambulatory hypertensive patients, his opinion must be accorded 
consideiable weight Howevei, the observations of O’Haie and 
Walker ^ and my observations in this sei les would indicate that while the 
number of these cases observed by Benedict may have been consideiable 
on account of his large amount of material, the actual peicentage in total 
' cases studied may have been small A small series of cases studied over 
' a long period in which the date of onset of hypertension is definitely 
known will do much to answ'-er this question 

GROUPS VI AND VII THE CHANGES IN THE EYEGROUND IN PATIENTS 
^ WITH CARDIAC DISEASE 

The sfxfh/,roup to be considered is the group of patients with chronic 
myocaiditis or chionic myocardial degeneration, with or without hyper- 
tension, developing on a vascular basis, alone or combined with 
generalized artei losclerosis , and patients with arrhythmia, angina 
pectoiis and cardiac infarction Chronic myocarditis was either the 
primary or the important secondary clinical diagnosis in this group 

To contiast with this group of patients with chronic myocardial dis- 
ease IS a group with chronic valvular disease As far as could be 
determined, the caidiac disability in all of these cases developed on a 
rheumatic basis 

These groups comprise, respectively, fifty-six and fifteen cases, and 
the data are tabulated in table 9 In group VI, the fifty-six cases are 
arranged according to the level of the s)''stolic blood pressure at the time 
of examination This group is subdivided as follows (1) twenty-two 
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patients without hypertension and with a systolic blood pressure of 145 
mm or below and (2) thirty-four patients with hypertension and with 
a systolic blood pressure above 145 mm A comparison of the incidence 
of retinal arteriosclerosis is made in table 10 

SUMMARY OF GROUP VI 

An examination of the data reveals that irregularity of lumen and 
arteriovenous compression are not always present in the same degree 
In fourteen cases in which there was marked arteriovenous compres- 
sions, ten patients showed definite irregularity of the lumen of the 
arteries, while in four cases it was only slight or doubtful In twelve 
of the foregoing cases, definite changes occurred in the arterial reflex 
which indicated thickening of the arterial wall, while m contrast definite 
irregularity of the lumen was observed in seven cases, with slight or no 
arteriovenous compression Case 35 is the outstanding example My 
impression is that these vaiiations are due largely to the degree of 


Table 10 — Retinal Atlenoscleiosis in Gionp VI 



Definite, 

Doubtful, 

None, 


Percentage 

Percentage 

Percentage 

Without hypertension 

682 

27 3 

45 

With hypertension 

912 

88 

00 


intimal change and to the thickening of the media which are present in 
the individual case, and particulaily to the change that predominates 

The most marked pressure effects are usually seen m the cases in 
which there are thick copper wire arteries, in these cases, the arteries 
and veins usually cross at right angles As a result, the compression is 
clear-cut, and the venous channel is obliterated on each side of the vessel 
for a distance approximately equal to the central blood column This, 
no doubt, corresponds to the thickness of the arterial wall, which is not 
visible When by chance the vein crosses the aitery, “mounding” of 
the vein is produced, and the vein forms an inverted loop corresponding 
to the size of the artery 

Some degree of dilatation of the veins occurred in five of fifty-six 
cases, and in only one instance in the absence of definite arterial sclerosis 
In one case (29), phlebosclerosis was seen The changes in the veins, 
with the exception of the compression effects, seem to hold a position 
of only secondary importance in the recognition of retinal arterio- 
sclerosis 

Some degree of choroid vessel sclerosis was visible with the ophthal- 
moscope in eighteen of twenty-six cases, and in all but two instances it 
was associated with definite retinal arteriosclerosis On the other hand, 
it was absent in thirty cases in which there was definite retinal arterio- 
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sclerosis In this series, it was not as fiequent as the studies of Cohen 
would indicate It is his opinion that the basic pathologic change in 
the eyegiound is a primary choroidal arteriosclerosis He considers 
that the edema of the disks, hemoiihages and spots result wholly from 
this factor or in combination with some unknown factoi He also 
states that in many cases scleiosis of the choioidal vessels is moie 
marked than retinal sclerosis, oi may be marked when letinal aiterio- 
sclerosis is absent 

It would seem, then, from my senes, that scleiosis of the choioidal 
vessels, recognizable with the ophthalmoscope, is rarely obseived before 
retinal aitenosclerosis It must be taken into account, howevei, that 
Cohen’s statements are m pait based on a study of actual pathologic 
specimens Sclerosis of the choroidal vessels m this respect frequently 
seems to be associated with changes in the disk and the presence of 
hemorrhages, spots and pigment Some of these changes weie present 
in thirteen of the eighteen cases of sclerosis of the choroidal vessels and 
in only thirteen of thiity-eight cases in which such sclerosis was not 
present However, in the diabetic group it was a rather frequent occur- 
rence and disk changes were rare No conclusion can therefore be 
drawn from my obseivations 

The changes in the disk and in the letina are not worthy of extended 
comment Fiom the table, it may be observed that the incidence is 
gieatei in the patients with the highei piessuies 

If the group as a whole is consideied, the observations suggest that 
111 the majority of cases the myocardial degeneration has probably devel- 
oped on a basis of pievious hypertension (if the assumption that retinal 
arterioscleiosis is pioduced by hypei tension is collect), and that the 
patient who has a normal blood pressure at the tune of examination 
has lost his hypei tension eithei prior to, or with the development of, the 
myocaidial insufficiency, and that the degeneration may have been 
initiated because of geneial sclerosis of the piecapillaiy vessels, if it is 
accepted that the condition of the retinal vessels reflects the condition 
of the small vessels thioughout the body This opinion was first 
expressed by Gunn,-® and it has since been reiterated by numerous 
observers These observations conform with the clinical observations 
of Fahr,®° who is of the opinion that 75 per cent of chronic myocarditis 
originates on the basis of hypei tension 

28 Cohen, M Significance of Pathological Changes in the Fundus J A 
M A 78 1694 (June 3) 1922 

29 Gunn, Marcus Tr Ophth Soc, London 18 356, 1898, quoted by Moore 
(footnote 2) 

30 Fahr, G E Hypertension Heart, Most Common Form of So-Called 
Chronic Myocarditis, J A M A 80 981 (April 7) 1923 
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The idea of searching for evidence of previous hypertension in the 
eyegrounds of patients who have chronic myocarditis and whose blood 
pressure is low oi normal was suggested to me by O’Haie He called to 
my attention the possible connection between generalized sclerosis of the 
small vessels and chronic myocarditis The retinal and clinical aspects 
of patients with chronic myocarditis will be consideied more fully in a 
future publication 

In one patient undei my observation who had definite retinal arterio- 
sclerosis with a blood pressure of 136 systolic and 94 diastolic after rest 
in bed and digitalis therapy, the blood pressure rose in twenty-four days 
to 240 systolic and 140 diastolic Fahr observed a considerable rise in 
blood pressure in the majority of patients whose condition was diag- 
nosed as myocardial failure while they were in the hospital under tieat- 
ment 

In compaimg the group of patients with chronic valvular disease 
(table 7 ) with that in which the patients suffered from chronic myo- 
carditis, an absence of retinal sclerosis is found in ten of fifteen cases 
One case shows doubtful, and four cases definite, retinal arteriosclerosis , 
however, the latter patients had systolic blood pressures over 145 mm 
and had reached an age when degenerative changes in the vascular 
sj'-stem might become manifest Changes in the disk and in the retina 
were absent Three of four patients with aortic insufficiency showed 
pulsation both in the arteries and in the veins Two patients of twelve 
in this series whose condition was diagnosed as mitral stenosis showed 
slight hypertension and mitral stenosis Boas and Fineberg®^ found 
29 per cent hypertension in 135 cases of mitral stenosis Only five of 
their patients 40 years of age or under had hypertension The patients 
in my small series have an average age well below 40, which doubtless 
accounts for the low incidence of hypertension and retinal arterio- 
sclerosis in mitial stenosis 

SUMMARY 

1 A study of twenty cases of thyroid disease with increased basal 
metabolism shows a rather striking absence of retinal arteriosclerosis 
when patients in the sixth decade are eliminated 

2 In forty-seven diabetic patients of all ages (excluding children 
under 12 3''ears) with and without hypertension, the incidence of definite 
retinal arteriosclerosis was 36 1 per cent in the latter and 81 8 per cent 
in the former In both groups considered together, it was 42 5 per cent 
These observations indicate that hypertension may play an important 
role in diabetes The average age of diabetic patients with definite 
retinal arteriosclerosis was 57 7 years, while m patients showing doubt- 

31 Boas, Ernst P , and Meyer H Finefaerg Hypertension m Its Relationship 
to Mitral Stenosis and Aortic Insufficiency, Am J M Sc 172 648 (Nov ) 1926 
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ful or no I'etinal arteriosclerosis, the average age was 33 years No 
patient under 30 years of age showed either definite or doubtful arterio- 
sclerosis If the presence of retinal arteriosclerosis is an index of 
sclerosis of the small vessels in other parts of the body (pancreas 
included), scleiosis of the small vessel may be an important factoi m 
the production of diabetes after 50 years of age 

Likewise, it does not appear to be a factor in the pioduction of dia- 
betes in the young person Sclerosis of the choroidal vessels is moie 
fiequent m diabetes than in the other conditions studied, changes in 
the disk are infrequent If the ophthalmologist or internist sees eye- 
grounds exhibiting abnormally red retinas, numerous small round 
hemorrhages, groups of small yellowish- white and grayish- white spots 
on the central field of the retina, arteries with sclerotic changes, an 
well defined sclerosis of the choroidal vessel in the periphery 
of the retinal field with normal or nearly normal disks, m a person past 
middle life, he should strongly suspect diabetes 

3 In a small series of cases of acute and subacute nephritis, retinitis 
was conspicuous by its absence The two patients with retinitis both had 
hypertension 

4 Retinitis occurs with greater frequency m chronic nephritis than 
in vascular hypertension Renal retinitis presents certain changes, such 
as marked papilledema, retinal edema, cotton wool spots and coarse fan 
and star formation that suggest renal involvement In retinitis caused 
by hypertension, these changes are less frequent, but all may occur 
Retinitis resulting from hypertension may therefore be indistinguishable 
from renal retinitis The change m the eyeground m both instances 
result from vascular change and diminished blood supply to the retina 
It is suggested that such difference m appearance as exists is probably 
due to the rate at which the degenerative changes occur 

5 A study of the changes in the eyegrounds in fifty-six patients 
with and without hypertension, m which chronic myocarditis was either 
the primary or the important secondary diagnosis, revealed the presence 
of definite retinal arteriosclerosis in 91 2 per cent of the former and in 
68 2 per cent of the latter This observation (if certain criteria 
previously set forth in this article may be accepted) indicates that 
previous hypei tension may play an important part in the etiology of 
chi onic myocai ditis, with and without hypertension 

6 In chronic valvular disease that had developed on a rheumatic 
basis, retinal arteriosclerosis was absent m two thirds of the cases, and 
when definite retinal arteriosclerosis was present, it occurred in associa- 
tion with elevation of the blood pressure and in patients who had 
leached an age when degenerative changes in the vascular system 
might become manifest 

The Nicollet Clinic, 1009 Nicollet Avenue 
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The diagnosis of sprue is as yet on an unsatisfactory basis In the 
late or advanced stages of the disease, clinical lecognition is compara- 
tively easy In its earlier and initial course, it is recognized with con- 
siderable difficulty and uncertainty, and diagnosis i eally rests on its later 
development into a more or less classic picture So far as evidence is 
available, we do not find a close corrc'jpondence between the symptoms 
and the gross pathologic condition This observation leads to the infer- 
ence that disturbance of function precedes the establishment of objec- 
tive cellular changes by a vaiiable and indefinite time In this respect 
sprue resembles subacute myelinic degeneration of the spinal cord 

A diagnosis based on the chaiacteristic diarrhea, stomatitis and afeb- 
iile course does not include many early cases which later prove to be 
sprue Moreover, after this classic picture has been present even for 
years, one or all of these features may be absent, and the condition may 
appear as an essential anemia or combined sclerosis The difficulties are 
enhanced by ignorance of clearly defined etiology and by an absence of 
pathognomonic tests The term “sprue” has loosely covered a rather 
large and indefinite group of clinical conditions, including the classic 
picture and cases that grade off in several directions and present only a 
smattering of one or more of the prominent features of the genuine dis- 
ease In the first place, there are the mild but persistent diarrheas, some 
of which later develop into classic sprue, but in many of which the 
patients recover without such progression Physicians see the more 
characteiistic cases which follow or are initiated by dysentery or acute 
enterocolitis , the cases in which gastric disturbances are the prominent 
feature, and diarrhea is absent , cases with a history of diarrhea m which 
the stomatitis and diarrhea have disappeared, but in which the stools 
are bulky, and the asthenia and loss of weight aie progiessive, and a 
group of borderline cases in which the features of sprue are definite, but 
in which intercurrent clinical and pathologic features are also prominent 
Some of these borderline cases are similar to the classic pernicious 
anemia of Addison’s description, and the anemia itself is identical with 
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the latter Reference has been made to these mixed or borderline cases 
m a former article ^ 

The following case reports are further illustrations of this boider- 
hne group Some present evidence of triple system involvement and 
may be classified as atypical sprue, or perhaps better under a new head- 
ing that will indicate the more complex chmcopathologic pictuie of 
sprue, pernicious anemia and combined nerve degeneration 

In regard to etiology the presence of Ashford’s momlta has been 
inconstant in these cases, and we ai e not prepared to accept its pathogen- 
icity as established for sprue itself and even less for these atypical cases 
The idea of a gastro-mtestinal toxin of a group type, not limited to a 
single chemical entity, seems now the most logical working hypothesis 
The work of Minot,- relating to high protein and nuclear diets m per- 
nicious anemia, has been confirmed in our experience, and we have 
reviewed the dietary treatment of sprue from this standpoint The sug- 
gestion arises naturally that the factor of deficiency in vitamin or pro- 
tein may have an etiologic bearing on sprue, pernicious anemia and 
combined degeneration A later report will be devoted to our own 
experience along these lines 

CASE REPORTS 

Case 1 — History — J F A, a private patient,^ a man, aged 47, an American, 
had spent several years in Japan and in travels about the Orient, including China 
and the Philippines The previous history included only typhoid and influenza 
In Japan, in 1923, he suffered a sudden hard chill, followed by high fever and 
diarrhea He did not have dysentery, but he had much colic Recovery seemed 
complete in four days One month later the stools began to be typical of sprue, 
and stomatitis soon followed Four months later, when he arrived m San 
Francisco, examination showed extreme emaciation and a tawny yellow skin 
The abdomen was swollen, tympanitic and tender, the liver and spleen were not 
felt The Wassermann reaction was negative, and the urine was normal The 
stools were negative for blood, parasites and yeasts The coagulation time of the 
blood was normal Examination of the blood showed red cells, 1,850,000, white 
cells, 4,100, hemoglobin (Sahli), 36 per cent, pob'morphonuclear cells, 48, and 
l 3 Tnphocytes, 47 There was great variation m the size and shape of the red 
cells , the color index was 1 

The blood counts remained similar to this for several months, then gradually 
returned to normal Five months after the man arrived m this country, his 
health was apparently normal, and against advice he returned to Japan Aftei 
three months m Japan, his blood count was still normal, and he did not have any 
symptoms He then returned to San Francisco in July, 1924 Two days after 
he landed, stomatitis and stools typical of sprue suddenly developed Diarrhea, 
weakness and occasional mild stomatitis were present to some degree during the 
next two months 


1 Reed, Alfred C, and Wyckoff, Harry A Common Picture of Sprue, 
Pernicious Anemia and Combined Degeneration, Am J Trop kled 6 3 rMavV 
1926 

2 Minot, G R Treatment of Pernicious Anemia by Special Diet JAMA 
87 7 (Aug 14) 1926 

3 The earlier part of this history has been reported (footnote 1) 
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After two and a half months in this country, he again, against advice, returned 
to Japan , he still had some gastro-intestinal disturbance, weakness and a recurrent 
anemia with a high color index Three weeks after reaching Japan, he was 
attacked by intense epidemic intestinal influenza with fever This gradually led to 
a recurrence of typical and severe sprue He began to lose weight The blood 
rapidly degenerated to the following picture red cells, 2,108,000, white cells, 
4,600, polj morphonuclear cells, 58 per cent, lymphocytes, 31, mononuclears, 9, 
hemoglobin (method not given), 47 per cent, color index, 112 Numerous 
nucleated red cells, macrocytes and abnormal shapes were found 

He stayed in Japan for five months When he reached San Francisco again 
on April 7, 1925, examinations showed extreme emaciation, 3 t11ow, waxy pallor 
and extreme weakness He suffered from a constant watery diarrhea The stools 
were free from blood, parasites and yeasts The blood count on April 8 was as 
follows red cells, 1,400,000, white cells, 2,325, polymorphonuclear cells, 54 per 
cent, lymphocytes, 41, eosinophils, 5, hemoglobin (Sahli), 33 2 per cent, and 
color index, 1 18 Megaloblasts, polychromasia, abnormal shapes and sizes were 
numerous 

Improvement followed a senes of transfusions, until his clinical condition 
became practically normal in July, 1925, although the blood was still anemic, but 
the color index was normal In September, the anemia again advanced and was 
accompanied by a marked increase of numbness of the hands and feet and by 
an extreme clumsiness in the motor functions, especially of the hands and feet 
Neurologic examination by Dr Joseph Catton gave the following objective obser- 
vations “Definite disturbance in sensation over corresponding areas on outer 
surface of each foot In view of the usual findings in cases presenting the blood 
picture seen in this case, I would be inclined to place the trouble in the cord ” 
There was a steady progression in the anemia, wasting and diarrhea, accompanied 
by periods of stomatitis No further symptoms appeared referable to the spinal 
cord Transfusions gave only temporary relief In February, 1926, the clinical 
picture was that of pernicious anemia, with lemon-hued skin and a typical blood 
picture of a rather aplastic type 

On March 12, 1926, the blood reached its lowest count, and the patient was in 
a dying condition, with severe air hunger and cramps in the legs and chest The 
blood count was remarkable, as follows red cells, 835,000, white cells, 5,200, 
polymorphonuclear cells, 75 per cent, lymphocjdes, 23, mononuclears, 2, and 
hemoglobin (Sahh), 12 per cent Red cells showed numerous macrocytes and 
microcytes, the former predominating Numerous abnormal shapes, some stippling 
of red cells, occasional normoblasts and a few megaloblasts were present The 
actual hemoglobin reading was too low to be entirely accurate 

A new series of transfusions gave temporary respite and comparative comfort 
for about three months, during which time they alone kept him alive A total of 
nineteen transfusions were given during the entire illness Death occurred on 
July 3, 1926, in Letterman Hospital, to which the patient was admitted on June 9 
During the last month of life, the blood count was maintained fairly well and 
showed a remarkable “come-back” from the extremely low picture of March 12 
On the day before death, the count was as follows red cells, 2,080,000, white 
cells, 6,000, hemoglobin (Dare), 55 per cent, polymorphonuclear cells, 62 per 
cent , lymphocytes, 35 , eosinophils, 2, and transitionals, 1 The urine was con- 
stantly normal The results of fractional gastric analysis two weeks before death 
are shown m table 1 

The degrees of acidit 3 ’^ given in table 1 and elsewhere in this article, when 
not otherwise indicated, are computed on the basis of the amount of tenth normal 
sodium h 3 droxide required to neutralize the acid in 100 cc of filtered gastric 
contents 

Postmojtem Evaininahoii — General examination showed extreme emaciation 
The height was 5 feet, 9 inches (175 2 cm ), and the weight was about 110 pounds 
(49 9 Kg ) The surfaces of the abdomen, arms and legs were covered with 
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small petechial hemorrhages There was practically no postmortem hvidity 
There was no subcutaneous fat, and the musculature was extremely pale, thin and 
small Tlie peritoneum was smooth and moist The appearance of the chest was 
not remarkable except for a terminal bronchopneumonia 1 he spleen was small 
and flabby and weighed 150 Gm , the cut surface was dark red and studded with 
numerous small white plaques The liver weighed 1,125 Gm and had a dark red 
and wet cut surface, the capsule was smooth and glistening Grossly, the gall- 
bladder was noimal The appearance of tlie pancreas was not remarkable 

The entire gastro-intestinal ti act was dull gray , the mucosa of the sigmoid 
seemed thickened, while the wall of the small intestine was thin, and the mucosa 
was almost entirely atrophic The lower portion of the small intestine was entirely 
smooth, while the upper portion showed normal folding of the mucosa The 
stomach was small and apparently free from pathologic changes 

The supiarenals weie small, but seemed normal The renal pelves weie 
dilated Ihc glandular and osseous systems were not remarkable 

Sections of the cervicodorsal cord examined by Dr William Ophuls weie 
normal in appearance 

Palhologic Diagnosis — The diagnosis was sprue, bronchopneumonia, anthra- 
cosis, reticulo-endothclial hyperplasia of the liver with hemosiderin pigmentation, 
atrophy and degeneration of the muscle of the heart, hydronephrosis 

Comment — This case was primarily typical of sprue, with the ordinary early 
secondary anemia and terminated m the triple system syndrome, which involved 


TAnLu 1 — Results of Piacttonal Gashic Analysi'! 


Free hydrocholoric acid 

18 

15 

26 

22 

25 

Total acid 

30 

24 

50 

42 

44 


tlie gastro-intcstinal tract, the blood and the nervous system As the sprue 
developed, and there was a relapse and recurrence, pernicious features developed 
in the blood until the picture was that of true pernicious anemia, gradually 
changing into an aplastic type There were definite and consistent nervous 
symptoms In the light of the knowledge of the relation of symptoms to pathologic 
conditions in subacute degeneration of the spinal cord, this case piescnts indica- 
tions of damage to the cord which cannot be ignored Negative results of 
postmortem examination of the cord do not change the fact that the cord 
functioned abnormally in life A neurologic study of the relation of pathologic 
conditions to symptoms and of the occurrence of subacute myelinic degeneration 
in the peripheral nervous system will be published shoitly by Joseph Catton, 
including a neurologic levicw of several of the cases reported here 

Cash 2 — Hi^toiy — S W, a man, an American, aged 58, was first seen on 
July 1, 1926 He had had a severe attack of malaria in 1900, but none since that 
date and otherwise no noteworthy illnesses had preceded the present one He was 
born m England, and went to the eastern part of the United States at the age 
of 10, in 1898, he went to the Philippines, where he has resided since liis 
aveiage weight was 130 pounds (59 Kg), but for the last few years it has been 
125 pounds (56 7 Kg) 

The present illness began about thiee yeais before presentation with an attack 
of what was probably bacillary dysentery, foi which he was treated and cured 
by specific seium From that time he had had constant indigestion, with excessive 
flatulence, fermentation and occasional looseness of the bowels, but he did not 
have pain, nausea or vomiting at any time At times his mouth would become 
dry, irritated and slightly sore, frequently sour foods would cause pain m the 
mouth Starches and sweets aggiavated the indigestion lie could cat large 
quantities o^ strawberries with case and improvement One year before presenta- 
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tion he had an attack of sore mouth and tongue of moderate seventy He did not 
use tobacco or alcohol Anorexia was marked This status persisted to the time 
when this article was written with a gradual loss of weight to about 115 pounds 
(52 1 Kg ) and a gradual decline in strength and energy He felt that he had 
become somewhat irascible and irritable This change in disposition is a rather 
common feature in ordinary sprue 

ExannnaHoJi — Examination in July, 1926, showed a slight, rather pale man 
Results of a neurologic examination were negative The mouth was normal, in 
fact, with the exception of a slightly tympanitic abdomen, he was entirely normal 
Laboratory Observations gastro-intestinal roentgenograms showed a 
normal colon There was an inconclusive suggestion of duodenal ulcer, 
but It was disproved by further study The chest was normal, except for scarring 
of the hilum and the pleura The Wassermann reaction was negative The blood 
calcium was 9 97 mg Examinations of stools were repeatedly negative for 
Profosoa or other parasites and Momha, except for a few ova of Trtchuris A 
stool examined bactenologically by Dr E C Dickson showed a predominant gram- 
negative picture without streptococci or yeasts Cultures were negative for 
pathogens The stools showed an excess of fat The urine was normal except 
for the presence of urobilin 

The gastric contents during fasting did not show free acid, the total acid was 
10 The first specimen was too small to examine The second specimen showed 
a free acid of 15 and a total acid of 35, and the third specimen showed a free acid 
of 20 and a total acid of 45 The blood count was as follows red cells, 2,870,000 , 
white cells, 5,150, polymorphonuclears, 63 per cent, lymphocytes, 33, eosinophils, 
1, basophils, 2, transitional, 1, reticulated red cells, 1 per cent of the total red 
cells, hemoglobin (Sahh), 67 per cent, color index, 1 15 No nucleated red cells 
were seen Many large, rather faintly staining red cells and moderate poikilocy- 
tosis were present 

Ticatmcnt and Cota sc — For two months the only treatment consisted of high 
purine diet, and the blood count was as follows on October 6 red cells, 2,800,000 , 
white cells, 7,800, hemoglobin (Dare), 62 per cent, color index, 1 1 Antisocytosis 
was present The platelets were normal, and there was no stippling 

The diet was then changed to one typical for patients with sprue, containing 
an abundance of fresh fruits, berries, rare meat and fresh milk, while a restriction 
was placed on starches and sugar There was immediate improvement in the 
digestive condition, the symptoms entirely disappeared, and the appetite returned 
During October, a series of four transfusions was given, with iron cacodylate 
daily by vein The blood count improved until, on Nov 23, 1926, it was as follows 
red cells, 4,080,000 and hemoglobin (Dare), 82 per cent, the color index was 1 02 
Clinically, the patient is well His prognosis is probably bad if he returns to 
the Philippines and good if he remains in this countrj^ 

Comment — This case illustrates the “dysentery” onset of a case of sprue 
atypical in the absence of characteristic stools, with anemia which had the 
pernicious features of high color index and increased size of red cells, but which 
did not yield to a high protein and nuclear diet and which showed almost a 
specific reaction to a diet for sprue and blood transfusions The patient did not 
show subjective or objective evidence of nerve degeneration at any time It is 
to be noted that his blood calcium was at a high normal figure, and the contents 
of the stomach showed a rather low acidity This is a comparatively early case 
which may possibly develop into pernicious anemia or in which the typical 
symptoms of sprue would probably appear if the patient should live in a climate 
in which the disease was endemic 

Case 3 — History — (Private) S , a white male, aged 50, had lived in 
Pennsjlvama all of his life until he came to southern California in 1920, except 
for three montlis spent m Georgia in 1918 As a child he had had whooping 
cough, measles and frequent colds and tonsillitis, attacks of tonsillitis did not 
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disappear until tonsillectomy was performed m,1924 He had not had any other 
acute diseases On two occasions he had had mild dysenteric attacks, apparently 
caused by the consumption of bad food during hot summer weather, otherwise, 
his gastro-mtestmal condition was excellent until this illness As a young man, 
he was told that he had a mitral leak, but it never produced symptoms His 
average weight in mature life had been 144 pounds (65 2 Kg) He led an active, 
normal life, he did not indulge in excesses and did not have any complaints 

His present illness began in December, 1920, when, his general health being 
normal, he noticed that his mouth was so sore that he could not smoke This 
condition was followed by anorexia, indifference to food and indigestion asso- 
ciated with extreme flatulence The bowel movements were regular, but bulky, 
pultaceous or mushy He had increasing asthenia and sleepiness and tired easily 
In the following spring, these symptoms became more severe, and paresthesias 
were noted, especially at the roots of the toes Each spring for five years, that is, 
with the onset of hot weather, since coming to California, he had had a recurrence 
of spruelike symptoms These attacks had increased in intensity and were accom- 
panied by a gradually increasing anemia, which tended to take on certain pernicious 
features In February, 1924, the paresthesias extended to the ulnar distribution 
of the left hand During the succeeding summer, he was much run down, lost 
energy and ambition, was easily exhausted and could not stand exercise In 
October, 1924, the paresthesias became much worse A tonsillectomy was per- 
formed The blood count at that time showed 2,700,000 red cells, 68 per cent 
hemoglobin and a low white count 

From that time, he gradually lost ground, and the nervous symptoms increased 
Gastro-intestinal roentgenograms in October, 1924, showed only quick emptying 
of the stomach and a spastic colon There was achylia, with low combined acid 
in the stomach Flatulence and fermentation increased He had several lesions 
of the skin which were pronounced eczema A senes of injections of iron 
cacodylate were not beneficial Intermittent claudication appeared in both legs 
Transfusion was performed three times, and the blood count rose to 4,000,000 
In January, 1925, it was said that Gtmdia was found, an observation which was 
not confirmed by us Thymol was given and resulted in an acute enteritis with 
fever and severe pain in the right lower quadrant In the following month he 
improved, his weight increasing to 148 pounds (671 Kg), and he felt better than 
he had in several years This improvement lasted until warm summer weather, 
when the former symptoms again recurred, and he lost 16 pounds (73 Kg ) 
Exiiaustion, stomatitis and flatulence were excessive Some improvement followed 
another transfusion in November, 1925 

Examination — He came under the observation of one of us on Jan 20, 1926 
Physical examination showed a rather poorly developed, asthenic looking man 
about 50 years of age The skin was distinctly sallow, but not yellow The 
color of the mucous membranes Avas fairly good The appearance was definitely 
not that of pernicious anemia There was some retraction of the gums and a mild 
stomatitis The heart was somewhat enlarged to the left and had a soft systolic 
apical murmur, also heard at the base The spleen was easily palpable, the liver 
not enlarged The abdomen was tympanitic Dr Alderson reported that the 
patient had a generalized seborrheic dermatitis which he considered secondary to 
the intestinal condition 

Laboratory tests showed the following blood count red cells, 2,600,000, white 
cells, 4,725, polymorphonuclears, 45 per cent, lymphocytes, 36, hemoglobin 
(Sahh), 60 per cent, mononuclear and transitional cells, 10 per cent, eosinophils, 
7, basophils, 2, color index, 1 15 

There Avere no nucleated cells Moderate poikilocytosis, an occasional macro- 
cyte with diffuse bluing and many small red cells Avere present The polymorpho- 
nuclear Avhite cells had an increased amount of lobulation, some shoAving seven 
lobes 
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The Wassennann reaction was negative The blood calcium was 8 65 mg 
per hundred cubic centimeters *0n the following day the blood calcium was 
9812 mg, and the blood count showed red cells, 2,227,000, white cells, 4,200, 
polymorphonuclears, 48 per cent, lymphocytes, 43, eosinophils, 7, basophils, 1, 
transitionals, 1, hemoglobin (Sahh), 66 per cent, and a color index of 1 5 

No parasites were found on repeated, adequate examinations of the stools 
Specimens contained bile pigment and increased amount of fat, but no blood 
Smears showed no cells, but Dr E C Dickson found many bacteria, including 
long chains of streptococci, many gram-positive cocci and many gram-positive 
bacilli Cultures showed a mixed growth of hemolytic and nonhemolytic strep- 
tococci, Staphylococcus alhiis and a mucinous-appearing gram-negative bacillus 
No growth was obtained of dysentery bacilli, B welchn or oidia Inoculations of 
rabbits were also negative for these organisms 

The urine was constantly normal The temperature while the patient was 
under observation ranged between 97 4 F and 99 4 F The pulse and respiration 
rates were normal 

Studies of the gastro-intestmal tract by roentgenograms with those taken after 
a barium enema, were made by Dr R R Newell, and did not show any 
abnormality 

Examination of the contents of the stomach gave the results shown in table 2 
Table 2 — Acidify as Shown by Contents of Stomach 



Free HCL 

Total acidity 

Fasting 

0 

10 

Specimen I 

0 

5 

Specimen II 

0 

5 

Specimen III 

0 

10 

Specimen IV 

0 

Not sufficient quantitv 


There was no lactic acid or occult blood, but much mucus 
Dr Joseph Catton summarized the neurologic examination as follows A 
physiologic functional change was present, which was capable of more or less 
complete restoration to normal if the non-neurologic phases of the case were 
improved or cured The physiologic function of the spinal cord had been disturbed 
hy toxins, but its structure was intact Definite subacute degeneration of the 
posterolateral tracts of the spinal cord had taken place There had been pares- 
thesias of all four extremities, commencing with the fingers and toes and later 
involving the legs On one occasion while playing cards on a tram his left arm 
rested on a window ledge m such a manner that there may have been some 
exposure to draft and trauma Following this, there were extensive paresthesias in 
the left ulnar distribution, which were similar to paresthesias that occurred later 
in his illness without trauma or exposure There were no symptoms referable 
to the cranial nerves The only motor symptom, m addition to generalized weak- 
ness, was an increase in the muscle tone of the lower extremities following 
extensive exercise The organic reflexes and the autonomic nervous system were 
undisturbed Abnormal psychotic elements were not present The cranial nerves 
\\ ere normal The finger-tips showed a diminution of touch, pain and temperature 
sensations These sensations were also delayed and were accompanied by pares- 
thesias The same phenomena were found on the tips and plantar surfaces of 
the great toes There was a small spot over the inner side of the left ankle in 
which touch, pain, temperature and vibratory senses were impaired Stereognosis 
was normal There was a slight disturbance m balance when the patient stood on 
one foot with e 3 ’'es closed The upper tendon reflexes were within normal and 
were a little greater on the left side Patellar reflexes were increased, with no 
ankle clonus There were no pathologic signs in the great toe 
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Dr H Y liIcNaught, who examined the nose and throat, reiiorted a low grade 
ethmoid infection of secondary importance which was to be attacked directly onl> 
if there was no other line of effective treatment 

Duodenal drainage by the Lyons-Meltzer method for the bile system did not 
show any cells, but many bacteria, including long chains of streptococci, many 
gram-positive cocci m pairs, singly and m clusters and many gram-positive bacilli 
Cultures showed a nuxed growth of hemolytic and nonhemolytic streptococci, 
Staphylococcus albus and a mucinous-appearing gram-positive bacillus seen also 
in stools These studies were made by Dr E C Dickson, who felt that m spite 
of the low acidity of the stomach, the streptococcal content of the bile was above 
normal It is to be noted that the finding of Giardia was reported in an earlier 
examination elsewhere, but this organism was not found by us 

Piogiess of Case — In spite of a rather unfavorable regimen of work, tlie 
patient’s energy and weight had improved on March 12, 1926, and there had been 
only a few episodes of fermentative, loose stools The sensory disturbances, which 
were subject to a wide diurnal variation, had abated considerably The first 
to appear, the greatest m intensity and the last to recede were in the distal portions 
of the extremities Undoubtedly a large share of this damage was peripheral 
On April 14, 1926, the blood count was red cells, 3,670,000 , white cells, 6,200 , 
polymorphonuclears, 64 per cent, lymphocytes, 36, hemoglobin, 75 per cent, color 
index, 104, poikilocytes, a few, macrocytes, very few, microcytes, a few The 
patient’s weight had increased 10 pounds (4 5 Kg), and strength, energy and 
endurance were much improved He had been on a classic diet for patients with 
sprue which had a high purine content Hydrochloric acid was given m large 
doses with meals and pancreatic extract with bile salts Occasional courses of 
castor oil were used, and for the fermentation periods, a mixture of tannalbin, 
kaolin and thymol 

Case 4 — History — A J M, a white man, aged, 59, with a clinical diagnosis 
of transverse myelitis, had lived m the Philippines from 1904 to 1917, during 
which time he had suffered a mild attack of dysentery of undetermined t>pe He 
had typhoid at 21 years of age 

The history of his illness was evidently incomplete He was under observation 
only one week, and while he was said to have been m good health until January', 
1926, the pathologic condition at death was scarcely compatible with so short an 
illness His illness was said to date from an attack of influenza in Januarj-^, 1926, 
when he developed diarrhea which persisted to the end The stools were foamy, 
foul and copious, from four to eight a day He failed rapidlj’- and lost from 40 
to 50 pounds (181 to 22 7 Kg) in weight There was no history of nausea, 
vomiting or abdominal pain, but he had a sore mouth for the last three months of 
his life, and a constant mild indigestion He -was bedfast for the last three weeks 
Evaminahou — Physical examination revealed that he was physically helpless 
and emaciated, with a mild icteric tinge There w'as marked pyorrhea, gingivitis, 
sordes and a number of carious teeth The liver was palpable on deep inspiration 
and slightly tender The spleen was not palpable Neurologic examination 
revealed “marked combined sclerosis ” The blood count was as foIlow^s on June 
18 red cells, 2,500,000, white cells, 6,800, hemoglobin, 50 per cent 

On June 21, a transfusion of 500 cc of blood was given On that day the 
platelets were 83,600, and with hj'-potonic sodium chloride solutions hemolysis 
began m 0 32 per cent and was complete m 0 26 per cent 

The contents of the stomach showed absence of free hydrochloric acid during 
fasting and m tlie two fractional specimens examined The total acidity was 
12, 6 and 4, respectively 

The urine w'as normal Examinations were not made of the stools or spinal 
fluid A Wassermann test was not made The patient died on June 23 

Autopsy — Autopsy show'ed an advanced degeneration of the lateral and posterior 
columns of the spinal cord, chronic cerebral leptomeningitis, pulmonarj’- edema and 
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some hemosiderin m the liver cells No pathologic condition was noted in the 
gastro-imestinal tract except that the small intestine contained mucus, and the colon 
was distended with foul-smelling, slate-colored material 

Case S — Htstoty — G B, aged 55, colored, who had lived m the Philippines 
for eighteen years, had been m a hospital in 1901 with “sour stomach” and diarrhea 
In 1903, he had been operated on for ventral hernia The definite history of his 
illness dated from June, 1923, when he had a painless diarrhea with sore mouth, 
which persisted In 1924 he had entered a hospital in the Philippines with “marked 
anemia ” The record of the blood picture m that illness was not available A 
roentgenogram at that time demonstrated a constriction in the descending colon 
and intra-abdommal adhesions Improvement was temporary, and he was sent to 
the United States in August of that year He was much emaciated and particularly 
dehydrated 

Eramniatioji — The blood pressure was 105, systolic, and 60, diastolic, general 
abdominal tenderness was present The liver and spleen were not palpable, and 
the nervous system was reported normal The mouth and esophagus were 
extremely sore Bulky stools showed faulty digestion of fat, the gastric contents 
were usually achylic The peripheral arteries were hard 

Laboratory examination gave the following results 

The Wassermann reaction was negative, and the urine was normal A blood 
count on April 22, 1924, showed red cells, 2,100,000, hemoglobin, 60 per cent, 
white cells, 6,000 There was marked anisocytosis and poikilocytosis, and many 
macrocytes and microsytes The stools showed many fatty acid crystals and 
globules of fat The cultures were negative for Momha 

On Aug 3, 1924, the blood count was red cells, 1,840,000, hemoglobin (Dare), 
35 per cent, white cells, 5,800 There was marked polychromatophilia 

The contents of the stomach in fasting did not show any free hydrocholoric 
acid and the total acid was 2 

Tieatment and Course — The patient was placed on a liberal diet of fruit and 
vegetables, and while there was some lessening of pain, diarrhea persisted, and 

he had fever at times He later gained about 17 pounds (7 7 Kg ) on a diet of 

oatmeal and soup This improvement was temporary, and he was finally reduced 
to a milk diet, in spite of which diarrhea continued The blood transfusions 
failed to influence the blood picture He died on Oct 18, 1924 Autopsy was 
not performed 

Case 6 — Htstoiy — C L W, a white soldier, aged 42, who had had nine 
years’ service in the Philippines in three-year periods during the past seventeen 
years, had contracted malaria there in 1908, hookworm in 1912 and dysentery, 

probably bacillary, in 1917 He had been a steady user of alcohol and tobacco 

to excess He was distinctly below par mentally, and a clear history of onset 
of the illness was not obtained It is likely that he had had intermittent intestinal 
disturbance since the attack of dysentery in 1917, but it was not until January, 
1925, that his commanding officer noticed that he was weak and obviously ill, and 
he was sent to the hospital in Manila He had lost about 40 pounds (18 1 Kg ) in 
weight, but he did not have pain and did not vomit or cough In a few days he 
was transferred to the United States It was noted that he had from three to 
four stools a day, tan colored at times, smooth, semisohd and free from gas, at 
other times they were liquid, yellow, foamy and contained some mucus His 
only other symptoms were weakness and a daily afternoon rise of temperature 

Examtnafwu — Physical examination revealed pigmentation of the skin on the 
exposed parts and evidence of dehydration in dryness and loss of elasticity The 
mucosae were pale and muddy There was marked pyorrhea, the tongue was 
coated white, with beefy red margins 

The blood count showed red cells, 2,750,000, hemoglobin, 65 per cent, white 
cells, 11,400, polymorphonuclear, 82 per cent Microcytes and poikilocytes were 
noted 
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A tentative diagnosis of sprue was made, and calcium lactate was prescribed 
and later parathyroid extract and a diet of boiled milk and bananas In spite of 
his indifference in following the diet, there was considerable improvement after a 
month The stools became formed, he gained m weight and strength, and there 
was a lowering of the afternoon temperature 

Tieatment and Coinse — A transfusion was performed shortly after he was 
admitted, and his blood picture improved considerablj’^, the red cells increasing to 
4,940,000 and the hemoglobin to 80 per cent This was only temporary, however, 
for the hemoglobin dropped to 65 per cent a few days later 

It was soon discovered by physical signs, roentgenograms and positive sputum 
that he had an active pulmonary tuberculosis, and he was transferred to Denver 
In the meantime, it was found that he had achlorhydria, and Momlia pstlo^ts was 
isolated from his stools and from scrapings from his tongue Neurologic exam- 
ination was negative for changes in the cord 

The patient’s subsequent history and the present status of his case is not 
known, for he left the hospital m Denver m December, 1925, after a few months 
of observation 

Case 7 — Htstoiy — C C S, a white man, aged 50, who had lived thirteen 
years in the Philippines before being invalided home in June, 1926, had a definite 
alcoholic history He had malaria in 1900, but there was no history of dysentery 
The illness began rather suddenly in April, 1926, with sore mouth and diarrhea 
He had five or six yellow, foam}'- stools during the day and as many at night 
There was considerable asthenia, and his mouth was so sore that he was restricted 
to liquid diet He entered a hospital in Manila, where a diagnosis of sprue was 
made He received twenty doses of emetin, though there is no record of an 
amebic infection having been demonstrated He was also given a course of 
treatment with calcium lactate and parathyroid He had never had jaundice, but 
he had had some edema of the feet for two years prior to examination He was 
10 pounds (4 5 Kg ) underweight when he arrived in San Francisco , his tongue 
was glazed and swollen, with a few abrasions along the edges The blood 
pressure was systolic, 100, and diastolic, 64 The abdomen was relaxed, the 
spleen was not felt, but there was slight tenderness o\er the gallbladder and the 
right kidney and considerable gas in the lower bowel The cutaneous reflexes 
were exaggerated, and the muscles were hyperactive 

There was some improvement after he returned to the United States , the stools 
were firmer and fewer, edema of the feet disappeared, and the condition of the 
tongue improved, though it remained glazed and red After a more liberal diet, 
diarrhea returned, and it was necessary again to restrict the patient to fresh fruits 
and vegetables The lactate and parathyroid were continued, and he improved 
sufficiently to leave the hospital on Aug 25, 1926 Since then we have not heard 
from him 

Laboratory Observations — ^The stools did not show mucus, blood or parasites 
on several examinations On June 7, 1926, the blood count showed red cells, 
2,850,000, hemoglobin, 55 per cent (Dare) , white cells, 5,200, and polymorpho- 
nuclears, 56 per cent On June 14, it was red cells, 2,100,000, hemoglobin, 50 
per cent, white cells, 7,400, platelets, 165,400 The van den Bergh test gave 
negative results 

On July 5, the blood count was red cells, 2,400,000, hemoglobin, 60 per cent, 
reticulated cells, 1 per cent The Wassermann reaction was negative 

The contents of the stomach did not show free hydrocholoric acid during 
fasting, fractional specimens did not show free hj'drochlonc acid m the first 
three, 16 and 11 in the fourth and fifth, respectivelj The total acidity varied 
from 11 to 38 cc 

A culture from the tongue was negatne for Monilia 
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Case 8 — H-istoiy — J O’B , a white man, aged 56, who had served six and 
a half 3 '^ears m the Philippines, where he had amebic dysentery m 1900 to 1901, 
had been a heavy drinker until 1912, but had been temperate since then He said 
that he had had good health generally until 1922, when he began to vomit after 
meals and to have diarrhea He lost 36 pounds (16 3 Kg) in weight in a few 
months He was hospitalized for more than a year, during which time he was 
on a diet low in carboh}’^drates and fats, and he gained 40 pounds (181 Kg) 
During this admission, it was noted that his tongue was bright red and smooth , the 
deep reflexes increased, acids in the stomach were reduced, the blood pressure 
was 80 systolic and 60 diastolic, and he was anemic He was discharged in 
August, 1923, but soon regressed on improper diet, returned to the hospital and 
stayed until October, 1924 He regained lost weight and was having one solid 
stool a day when he left From November, 1924, however, he had been steadily 
losing in weight and strength He had an average of ten watery, yellowish, 
foamy, bubbling, copious stools a day , he had lost his appetite, and when diarrhea 
was worst, his tongue was sore He came under observation again in March, 
1926, when he had lost 30 pounds (13 6 Kg) in weight and was anemic The 
blood pressure was 90 systolic, and 70 diastolic, and the arteries were markedly 
sclerosed He did not respond to treatment, and one transfusion made no impres- 
sion on the blood picture His stools were examined many times during the four 
j^ears of observation and were invariably negative for parasites and Moniha, but 
there was usually evidence of poor digestion of fat Several roentgenograms of 
the gastro-intestinal tract failed to reveal any pathologic condition The Wasser- 
mann reaction was negative At no time during this period was there any fever 
For a period of about eight months, beginning in June, 1923, he suffered from 
neuritis involving both brachial plexuses During the four years, his condition 
was variously diagnosed pernicious anemia, gastric ulcer, chronic dysentery and 
finally sprue 

The first blood picture on record is dated April 13, 1922 It is obvious that 
the anemia antedates this, and it is a question whether it was not well established 
when the gastro-intestmal symptoms appeared The following is a chronologic 
record of the examinations of his blood 

On April 13, 1922, the count was red cells, 2,760,000, hemoglobin, 60 per 
cent Considerable poikilocytosis was noted, and "platelets diminished ” 

On May 25, 1922, the blood showed red cells, 1,820,000, hemoglobin, 60 per 
cent, marked anisocytosis and poikilocytosis, but no nucleated red cells, white 
cells, 2,800, polymorphonuclears, 28 per cent In July, 1922, it showed red 
cells, 3,460,000, hemoglobin, 75 per cent, in October, 1922 red cells, 4,510,000, 
hemoglobin, 80 per cent, in December, 1924 red cells, 3,100,000, hemoglobin, 65 
per cent, and m April, 1926 red cells, 2,140,000, hemoglobin, 70 per cent At 
this time he had an icterus index of 6 9 and a positive indirect Van den Bergh 
reaction 

In June, 1926, the count was red cells, 2,600,000, hemoglobin, 65 per cent, in 
September, 1926 red cells, 1,150,000, hemoglobin, 40 per cent, m Noveipber, 
1926 red cells, 1,050,000, hemoglobin, 20 per cent, and in December, 192 6 'red 
cells, 870,000, hemoglobin, ? 

He died on Jan 14, 1927, and the pertinent autopsy observations (vere as 
follows The body was extremely emaciated and there were numeroui peteuhtae 
on the dorsal surfaces of both hands All intra-abdominal lymph nodes were 
moderately enlarged The mucosa of the small intestine was moderately congested, 
but otherwise not remarkable Lymph elements could not be distinguished m the 
ilium The mucosa of the colon was perfectly smooth, the wall thin and anemic 
The spleen was small The bone marrow was pure yellow, and histologically it did 
not show anj attempt at hemopoiesis There was considerable hemosiderin in 
the liver cells Bronchopneumonia was the immediate cause of death The central 
nciAOUS svstem was not exammeo 
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SUMMARY 

The pertinent features of the eight cases desciibed aie more cleaily 
piesented in the following summary 


1 Personal History — (o) Tropical residence 7 

(&) Sex, males 8 

(c) Age, 42-47, 2, 50-59 6 

{d) History of dysentery 3 

(c) History of alcohol 3 

2 Onset — (o) Diarrhea 5 

{b) Sore mouth 1 

(r) Indigestion 2 

3 Symptom Distribution — (a) Sore mouth 8 

(b) Achlorhydria 7 

(c) Diarrhea 8 

(d) Anemia 8 

Remittent 5 

Progressive 3 

(c) Central nerve symptoms 3 

(/) Peripheral nerve symptoms 2 

4 Predominant Complex — (a) Gastro-intestinal, anemia and nervous 3 

(&) Gastro-mtestinal and anemia 4 

(c) Gastro-mtestinal 1 


5 Duration m 4 patients who died — No 1, 3 years 

No 4, 6 months 
No 5, 1J4 years 
No 8, 4j4 years 

Duration in 4 patients still living — No 2, 4 years 

No 3, 6 years 
No 6, 8 years 
No 7, 4 months 

The whole gioup showed sore mouth and diarrhea as prominent fea- 
tures, though these symptoms were more or less remittent, and, while 
diarrhea usually occurred first, sore mouth usually developed early and 
was more or less synchronous with diarrheal episodes A definite anemia 
of pernicious type was seen in all, but it was impossible to place it in 
relation to the onset This is a featuie the patient could not determine 
himself, and it was usually not discovered until he had come under 
competent observation, but as it was usually well advanced, even in the 
cases seen shortly after onset of the obvious symptoms of the digestive 
tract. It IS reasonable to assume that the “toxin” begins its attack on the 
blood in most cases early in the disease 

Seven of the cases showed a definite achlorhydria, the other one 
showed approximately 50 per cent reduction, and the majoiity showed 
evidence of pancreatic deficiency m the stools This breakdown of the 
digestive function, in fact, is the most constant and striking feature of 
the disease The fact that a number of patients give a history of “dysen- 
tery” may be significant, but it may as well be incidental in those cases 
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in which the diagnosis of dysentery is accurate When the dysenteric 
diagnosis is not accurate, it may indicate, as does the digestive dysfunc- 
tion, the onset of sprue and that the alimentary tract bears the brunt of 
the initial attack of the causative agents 

Sprue IS preeminently a disease of white people in a tropical envnon- 
ment, m spite of exceptions to the contrary The fact that in this group 
all the patients were men does not mean, of course, that the disease is 
confined to the male sex We have seen several cases in women, but 
the data m their cases are not complete enough to include them There 
IS no doubt, however, that the disease occurs more commonly in men, 
perhaps because of their greater likelihood of contact with the etiologic 
factors It IS certainly a disease of adult life, not that clinical sprue 
does not occur in children, but the latter seem to be able to “come back” 
more completely and permanently under proper enviionment and are not 
so liable to the pernicious complex we are discussing 

The data presented would form little or no basis for a discussion of 
the etiology of the condition, and this will not be attempted , our idea is 
expressed simply as a hazardous conclusion 

One of us, during a three-yeai toui of duty m the Philippines, came 
in contact with a group of eleven cases which can be presented as a com- 
posite picture rather than individual cases partly because they were so 
similar and partly because in some instances the data are not sufficiently 
complete to warrant separate case reports This group includes Ameri- 
cans and Englishmen and Spanish and Chinese mestizos, all with a long 
tropical lesidence, nine of them men, two women, and all well beyond 
middle age They wei e seen in well advanced stages of anemia, and all 
died within a penod varying fiom a few days to seveial months after 
coming under observation The anemia was invariably aplastic in type and 
progressive in spite of all treatment They all suffered from the diges- 
tive disturbances incident to achlorhydria, and they all gave a history of 
a previous intestinal phase in which they had suffered from persistent 
or sporadic diarrhea of from several months’ to several years’ duration, 
a feature that had usually been diagnosed chronic dysentery In several 
of the cases, however, this condition persisted to the end, and we were 
able to study the character of the stools They were the large, bulky, 
fermentative, foul discharges considered characteristic of sprue, free 
from any cellular or pathogenic content In only one case was Momha 
isolated, and then it was isolated from the blood by Dr Smith, then 
professor of pathology in the medical school of the University of the 
Philippines As a rule, however, the intestinal element had largely dis- 
appeared from the picture when the patients came under our observa- 
tion, and the condition was being handled as anemia It is not possible 
to speak of involvement of the nervous system in the cases, for the 
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patients were usually bedridden from asthenia when seen, and the pre- 
vious history was not always leliable in regard to the subtle symptoms 
that indicate such involvement 

CONCLUSIONS 

1 There is a definite clinical entity, combining gastro-intestmal dis- 
turbances like those of sprue, an anemia approaching the so-called per- 
nicious primary type and nervous pheromena chaiacteristic of subacute 
myelinic degeneration of the spinal cord and of the peripheial nerves 
Any combination of these groups may be found associated We have 
described eight such cases under the heading of atypical sprue 

2 This variety of atypical sprue occurs chiefly m white men resi- 
dent for varying periods m tropical or subtropical climates This fact 
may account for the predominance of gastro-intestinal symptoms, m 
which It differs from Addisonian anemia It is progressive, and, 
although remissions occur, the course usually proceeds to a fatal 
termination 

3 If it is assumed that these borderline or composite cases with 
polysystemic damage are the result of a single type of toxin of gastro- 
intestinal oiigin. It seems reasonable to suppose that classic sprue, Addi- 
sonian anemia or myelinic degeneration may have a similar etiology, and 
at times develop into this pleomoiphic picture 



SERUM BILIRUBIN IN HEALTH AND 
IN DISEASE >- 

LEON SCHIFF, MD 

CINCINNATI 

In lecent yeais, interest in jaundice has been largely trans- 
ferred from the coloi of the skin and the presence or absence of bile 
pigment m the urine and feces to the changes occurring in the blood 
serum, much in the same way that physicians have become conceined 
with the urea content of the blood in nephritis, and with the concen- 
tration’ of blood sugai in cases of diabetes melhtus The introduction 
of new and more delicate methods for the detection and estimation of 
bilirubin in the serum is responsible for this change in point of view 
Perhaps the most notable method has been that of Hijmans van den 
Bergh of Utrecht, Holland,^ popularized among the English speaking 
peoples by the publications of McNee of the University College of 
London “ 

Estimations of serum bilirubm are necessary for the detection of 
potential jqr latent and also of transient states of jaundice, for the 
biliiubin content of the blood must reach a certain concentration before 
bihrubinuria ® occurs, and contact with the tissues must take place for 
a period of time before they assume a yellow color (Freiichs,^ van den 
Bergh Tiansient jaundice, unaccompanied by bihiubinuria or icteius 
of the tissues, occurs m attacks of gallstone colic (Meulengiacht,® van 
den Bergh Latent states of jaundice are present in patients receiv- 
ing arsphenamine (Gerrard’^) and frequently in pernicious anemia 

“ From the Medical Clime of the Cincinnati General Hospital and the 
Department of Internal Medicine, University of Cincinnati 

1 Van den Bergh, A A Hijmans Der Gallenfarbstoff Im Blute, Leyden, 
1918 Van den Bergh, A A Hijmans, and Snapper, J Deutsches Arch f 
klin Med 110 540, 1913 Van den Bergh, A A Hijmans Presse med 29 441, 
1921 

2 McNee, J W Brit M J 1 716, 1922, Quart J Med 16 390, 1923 
McNee, J W, and Keefer, C S Bnt M J 2 52, 1925 

3 Van den Bergh (footnote 1, reference 1) has found this level (renal 
threshhold) to be 2 mg in cases of obstructive jaundice This has been sub- 
stantiated by a number of authors (McNee) and is confirmed in this study 
Andrewes found it to be usually around 1 75 mg The kidneys are apparently 
impermeable to the bilirubin, giving only an indirect reaction (Andrewes Quart 
J Med 18 19, 1924) 

4 Frerichs, FT A Clinical Treatise on Diseases of the Liver, trans by 
!Murchison, C 1 66, 1879 

5 Van den Bergh (footnote 1, reference 1) 

6 Meulengracht, E Demonstration of Transient Jaundice in Gallstone 
Colic, Arch Int Med 35 214 (Feb ) 1925 

7 Gerrard, W I Bnt M J 1 224, 1924 
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(van den Bergh,^ Lepehne ® et al ), and in malignant metastases to the 
liver (Greene et aP) Once the tissues become stained with the bile 
pigment (van den Beigh'^), which they hold for a definite period of 
time, it follows that their coloi may not always be a tiue index of the 
degree of jaundice present, in contrast to the level of serum biliiubm 
Determinations of the biliiubm content of the blood help to distinguish 
yellowish discolorations of the skin due to it from those due to othei 
pigments, e g , carotin oi lutein By means of the van den Bergh 
technic, increases in seium bilirubin due to “obstructive” lesions which 
give piompt or diiect reactions are differentiated from those occuning 
in “hemolytic” diseases which give delayed or indirect reactions 
(Lepehne,® McNee et al ) Lastly, the amount of bile pigment 
piesent in the blood may afford some idea, especially when it is abnor- 
mally increased, of the functional integrity of the liver, in the light of 
the recent work of Mann and his associates,^^ according to which bili- 
rubin IS formed chiefly m the bone mairow and spleen and is apparently 
primarily excieted, though foimed to a slight extent, by the liver It 
has been found that some parallelism exists between the degiee of 
biliiubmemia and the letention of dyes of the halogen-phthalein series 
known to be excreted by the liver (Snell et al 

The bile pigment content of the blood m the following Study was 
estimated by the van den Beigh method, the original technic being 
employed m cases showing a delayed (more than one minute) oi 
indirect reaction, the principle of Thannhauser and Aiideisen^^ was 
employed in cases showing a piompt ieaction,^° the original non rho- 
dondate solution of van den Bergh being employed as a quantitative 

8 Lepehne, G Deutsches Arch f klin Med 132 96, 1920, 135 79, 1921 

9 Greene, C H , McVicar, C S , Walters, W, and Ro^^ntree, L G 
Diseases of Liver, Arch Int Med 36 542 (Oct) 1925 

10 McNee (footnote 2, second reference) 

11 Mann, F C , Bollman, J L, and Magath, T B Am J Physiol 69 393, 

1924 Mann, F C , Sheard, C H , and Bollman, J L Ibid 74 49, 1925 
Mann, F C , Sheard, C H , Bollman, J L, and Baldes, E J Ibid 74 497, 

1925 , 76 306, 1926 , 77 219, 1926 

12 Snell, A M , Greene, C H , and Rowntree, L G Diseases of Liver, 
Arch Int Med 36 273 (Aug ) 1925 

13 The qualitative and quantitative technic in which only a delajed or indirect 
reaction is obtained is given by McNee (footnote 2, second reference) or Ra^dln 
(Am J M Sc 169 850, 1925) 

14 Thannhauser, J S , and Andersen, E Deutsches Arch f khn kled 137 
179, 1921 

15 The method consists of 1 cc of serum 0 5 cc of diazo reagent -j- (after 
five minutes) 1 cc saturated solution of ammonium sulphate -f- 5 cc of alcohol 
(96 per cent) This is centrifugalized at high speed The supernatant liquid is 
read against the standard The dilution factor is 7 5 Greene (personal com- 
munication to the author) uses double the quantity of ingredients, 2 cc of 
serum 4- 1 cc of reagent, etc 
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standard That no difference m the quantitative readings in cases 
showing only an indirect or delayed reaction occurs whether van den 
Bergh’s original method or that of Thannhauser and Andersen is used 
was noted by the last named and was also determined in this study 
The readings are designated in milligrams per bundled cubic centimeters 
of serum, as others have done, instead of the unit or 1 in 200,000 parts 
of serum oiiginally designated by van den Bergh, 0 5 mg per hundred 
cubic centimeters being the equivalent of 1 unit As some difficulty 
was experienced in making readings of less than 0 2 mg per cent, these 
are all designated as — 0 2 mg per cent As it has been found, as was 
emphasized by Lepehne,® that serum bilirubin tends to dimmish on 
standing, because of oxidation to bihverdin, estimations were made 
within f 1 om one to two houi s after the blood was obtained Specimens 
kept in the dark and on ice show practically no diminution over night 
No differences in the leadings were noted whether plasma or serum was 
used, as others have experienced 

Biphasic reactions described by Feigl and Querner have been 
included under the direct reactions for reasons similar to those of 
Andrewes (McNee and Keefer^) It is felt that they represent quan- 
titative transitions between the indiiect and the direct reactions, having 
been encountered early m experimental ligation of the common duct 
and late in cases of catarrhal jaundice in the course of this study 
Greene also does not consider such a reaction separately 

NORMAL SERUM BILIRUBIN 

The van den Bergh reaction was applied to the blood of 202 “nor- 
mals” of the following age groups 


From 5 months to 9 years 

11 

From 10 to 19 years 

11 

From 20 to 29 years 

101 

From 30 to 39 years 

28 

From 40 to 49 years 

24 

From 50 to 59 years 

20 

From 60 to 69 years 

7 


The group of normals was composed of 112 medical students, 
interns and nurses in good health (most of whom had had a recent 
physical examination) , twenty-six individuals above 30 years of age 
found to be normal at the Pay-Health Clinic conducted under the 
auspices of The United Jewish Social Agencies , forty-six inmates of 

16 McNee (footnote 2, second reference) Ravdm, E G Am J M Sc 
169 850, 1925 

17 Feigl J, and Querner, E Ztschr f d ges exper Med 9 153, 1919 

18 Greene, C H Personal communication to the author 
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Longview Hospital for the Insane (twenty-seven males, nineteen 
females), normal physically but affected with a psychosis other than 
alcoholic, twelve childien, five m the pediatric seivice of the Cincinnati 
General Hospital for gonoriheal vaginitis, five at the Branch Hospital 
for Tuberculosis on account of a “contact history,” and two examined m 
private life, and six relatives of the four individuals giving the highest 
values 

In 193, or 95 54 per cent of the normals, the value of serum bili- 
rubin was less than 0 6 mg , m six, or 2 97 per cent, it was between 
0 6 and 0 9 mg , and in three, or 1 49 pei cent, between 1 0 and 1 5 mg 
The relative values in the two sexes and the total percentage frequency 
of any given value or less are illustrated in table 1 

This table would indicate that the level of serum bilirubin is rela- 
tively higher m males than in females, for in thirty, or 47 per cent, of 


Table 1 — Relative Values and Total Petcentage Fiequency of Any Given 

Value 01 Less 



Per Cent 

Per Cent 

Total per Cent 
Having Given 

Mg Bilirubin* 

Males 

Females 

Value or Less 

—02 

282 

47 0 

3415 

0 2-0 29 

30 4 

26 5 

63 30 

0 3-0 89 

19 0 

14 0 

80 69 

0 4-0 49 

87 

80 

891 

0 5-0 59 

87 

15 

93 54 

0 6-0 09 

00 

15 

96 03 

0 7-0 79 

21 

15 

98 01 

0&-OS9 

0 72 

00 

98 31 

0 9-0 99 

00 

00 


10-15 

21 

00 

100 0 


* Blood taken from one to four hours after a meal The value of milligrams of bilirubin 
denotes the amount per hundred cubic centimeters of serum The reactions ■were all indirect 


the females, the bilirubin value was less than 0 2 mg in contrast to 
thirty-eight or 28 2 per cent of the males, and in three females, or 
4 5 per cent, above 0 5 mg , in contrast to nineteen males, or 13 6 per 
cent above this level. The four values above 0 8 mg were limited to 
the males No distinct differences were observed in the various age 
groups The blood from the umbilical cord of thirteen new-born 
infants was examined in addition, and the physiologic hyperbilirubi- 
nemia described by van den Bergh and others was encountered, the 
readings being in the vicinity of 1 mg or more 

That the value of the serum biliiubin is not absolutely constant was 
first shown by Gilbert and Herschei,^® who found it to increase some- 
what during fasting The blood of thiee of the normal individuals here 
studied was examined daily before breakfast for one week, a maximum 
variation of 0 2 mg being noted Forster and Forstner,2° who exam- 

19 Gilbert and Herscher Presse med, 1906, no 27, quoted by van den 
Bergh 

20 Forster, J , and Forstner, B Ztschr f klin Med 103 703, 1926 
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lued eighteen individuals with various diseases under the foiegoing 
conditions, employing the technic of Ernst and Forster, found a 
vaiiation geneially between 0 1 and 0 3 mg On examining twenty-one 
individuals before breakfast, two hours after the noon meal, and before 
the evening meal, they found the highest values generally, but not 
always, before breakfast The fluctuations weie generally from 0 1 to 
0 2 mg Broun et al found a variation of as high as 0 5 mg in a 
normal individual, the blood being taken before breakfast, before dinnei 
(12 00) and at 4 00 p m According to Meyer and Knupffer,-® the 
blood bilirubin diminishes in quantity from two to five hours after 
meals, and increases after eight hours, apparently on the basis that 
during digestion biliiubin is excreted from the blood (Forster and 
Forstner) 

As 98 pel cent of the normal patients had a value of approximately 
0 8 mg or less, 1 mg may be safely considered the upper limit of 
noimal, thus allowing 0 2 mg for fluctuation during the day and fiom 
da}^ to da) As a value of 0 6 and 1 mg was exceeded in only 4 5 pei 
cent of the cases, any value between 0 6 and 1 mg should be considered 
as possibly indicative of an increase, paiticularly as the latter figure is 
approached In his monograph, van den Bergh states that in the vast 
majority of healthy individuals the values found aie between 0 25 and 
0 4 mg (fiom 1 to 400,000 to 1 to 250,000) In a later papei published 
111 France,-^ he gives figures for the biliiubin content of noimal human 
serum of from 0 1 mg to 0 25 mg (1 1,000,000 to 1 400,000), which 
have been accepted by Lepehne, McNee, Ravdm et al Lepehne ® found 
the average figuie in a senes of patients not suffering from jaundice 
to be 0 15 mg McNee obtained similar lesults Botzian and 
Wiemei also considei the upper limit of normal 0 75 mg , Mandel- 
baum,^® 0 62 mg ( 1 25 units) and Haselhorst,^® 0 5 mg ( 1 unit) Strauss 
and Buerkmann®® found values between 015 and 0 55 mg in fifty 
normal patients, with an average of 0 3 mg Forster and Forstner 
consider 1 mg as the upper limit of normal Greene and his 

21 These authors add to 1 part of serum, 1 or 2 parts of colorless acetone, 
they then centnfugahze it and compare the supernatant liquid with a standard 
solution of potassium chromate, 1 6,000 

22 Broun, G O , Ames, O , Warren, S , and Peabody, F W J Chn 
Investigation 1 295, 1924-1925 

23 Meyer, E C , and Knupffer, H Deutsches Arch f klin Med 138 321, 
1922 (Forster and Forstner) 

24 Van den Berg (footnote 1, reference 1) 

25 Van den Bergh (footnote 1, reference 2) 

26 Botzian, R Mitt a d Grenzgeb d Med u Chir 32 549, 1920 

27 Wiemer, P Deutsches Arch f klin Med 151 154, 1926 

28 Mandelbaum, R Monatschr f Geburtsh u Gynak 59 17, 1922 

29 Haselhorst G Munchen med Wchnschr 68 174, 1921 

30 Strauss, L , and Buerkmann, W Khn Wchnschr 1 1407, 1922 
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co-workeis at the Mayo Clinic consider 2 0 mg as the maximum 
normal This limit takes care of instances of familial cholemia 

Paiticular attention was paid to the four individuals (medical 
students) with the highest values of seium bilirubin — 0 8, 1 1, 1 25 and 
15 mg, resjiectively — ^who lepiesent what Gilbert and Leieboullet,'*' 
111 1906, called simple familial cholemia and what van den Bergh spoke 
of as physiologic hyperbilirubinemia In all four theie was a yellowish 
cast to the skin, and the periphery of the sclerae was slightly icteric In 
none was the liver oi spleen felt None had ever noticed or had ever 
been told that he was distinctly jaundiced, except patient 4, who on one 
occasion, two years ago, had been told that his skin was yellow There 
was no instance of unexplained piuiitis oi definite biadycaidia The 
specimens of urine weie entiiely noimal, except for the piesence of 
urobilin m tiaces m two of the individuals and m maiked excess m the 
other two A questionable increase m erythrocytic fiagiht} was noted 


Table 2 — Data of Fow Patients Having Highest Set nm Bilit iibtn 



Mg 

Bili- 

Icterus 

Red 

Blood 

Per 

Cent 

Hemo 

Per 

Cent 

Eetieulated 

Urobil- 

rijtliroc\tic 

Retention 
of Brom 

No 

rubin 

Index* 

Cells 

globin 

Cells 

inuna 

Fragilit\t 

sulphaleinf 

1 

15 

14 

0,400,000 

00 

025 

-t- + 

0 44-0 30 

0 

2§ 

125 

11 

0,000,000 

85 

02 

Trace 

0 44-0 38 

0 

3 

1 1 

12 

5,000,000 

00 

1 0 

-f-t- 

0 42 0 SO 

0 

4 

08 

0 

0,000,000 

85 

01 

Trace 

0 44 0 30 

0 


0 42 0 34 
(control) 


* Method of A R Bemheim (Icterus Indc\, J A M A S2 201 [Jan 2C] 1921) 
t I’echnie of Griflin and Sanford (J Lab & Chn Med 4 4C5, 1918-1910) 
t Retention in one half hour Teehnic of Rosenthal and White (Clinical Application of 
Bromsulphalein Test for Hepatic !Function, J A M A 84 1112 [April 11] 1025) 

S Jewish patient 

111 one A relatively high red cell count was piesent in thiee Van den 
Bergh has occasionally encountered a palpable spleen m addition to 
urobilmuiia m similar cases and feels that such cases boidei on chronic 
hemolytic jaundice He found the disease more common among the 
Jewish lace and geneially encountered values of 1 1 and 1 25 mg 
The observations m the four individuals are tabulated m table 2 

OBSERVATIONS IN DISEASE 

1 CongesHve Heart Failure — ^There were twenty-three cases of 
congestive heait failure — five rheumatic (four mitral lesions and one 
adherent pericardium) , five syphilitic (aortic insufficiency) , five hyper- 
tensive, SIX arteriosclei otic , one mitral and tricuspid insufficiency (eti- 
ology^) and one of auricular fibrillation associated with a toxic thyroid 
adenoma (table 3) 

31 Greene, C H , Snell, W M , and Walters, W Diseases of Liver, Arch 
Int Med 36 248 (Aug ) 1925 

32 Gilbert, A , and Lereboullet, P Compt rend Soc de biol 58 937 and 
1(K)7, 1905, quoted by van den Bergh 
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The higher values were more frequently encountered m the mitial 
lesions, an experience similai to that of Fishberg and of Meulen- 
gracht,^'^ the lattei author using the icterus index In eleven patients, 
the values were 0 65 mg or below , of these, nine improved and two 
died Of five with a value between 1 0 and 1 35 mg , two were improved 
and three died The lemaimng readings were above 2 0 mg (five 
direct increases and two indirect increases) , both of the patients having 
indirect increases and three having direct increases died The highest 
value obtained was 4 6 mg in a case that proved fatal No bihrubmuria 
was present in the two patients giving an indirect increase, while bili- 
rubinuna was present in the five giving the direct reaction, there was 
thus a virtual hemolytic and obstructive type of jaundice present 


Table 3 — Congestive Heart Failui e 




Liver (Bight 
Midelavicular 

Bed 

Blood 

Hemo 

glohin. 

Jaun 


Mg Bilirubin 


No 

Age 

Line) 

Cells 

per Cent 

dice 

Died 

Direct Indirect Etiology 

1 

27 

10 cm 

5,100,000 

70 

+ 

+ 

2 25 


Bheumatic 

2 

30 

6 cm 

4,400,000 

90 

+ 

+ 

28 


Bheumatie 

3 

42 

10 cm 

4,200,000 

60 

+ 


— 

25 

Bheumatic 

4 

16 

4 cm 

4,400,000 

70 


+ 



25 

Bheumatic 

6 

32 

Edge 

5,800,000 

90 

— 


— 

10 

Bheumatic 

6 

48 

10 cm 

4,100,000 

70 

— 

— 

— 

06 

Syphilitic 

7 

43 


3,800,000 

70 

— 

— 


03 

Syphilitic 

8 

48 

10 cm 

5,300,000 

70 

— 

— 

— 

025 

Syphilitic 

9 

49 

10 cm 

4,200,000 

70 

+ 


46 


Syphilitic 

10 

32 

4 cm 

4,000,000 

80 

+ 


30 


Syphilitic 

11 

62 

6 cm 

3,600,000 

80 



— 

1 25 

Hypertensive 

12 

64 

8 cm 

4,100,000 

70 

— 

+ 

— 

10 

Hypertensive 

13 

57 

6 cm 

4,900,000 

90 

— 


— 

05 

Hypertensive 

14 

50 

— 

5,000,000 

80 

— 

+ 

— 

065 

Hypertensn e 

15 

41 

10 cm 

5,400,000 

80 

— 

+ 


1 0 

Hypertensive 

16 

60 


5,400,000 

80 




— 

05 

Arteriosclerotic 

17 

61 

— 

3,900,000 

70 




— 

—02 

Arteriosclerotic 

18 

72 

— ■ 

4,500,000 

90 







0 25 

Arteriosclerotic 

19 

58 

— 

5,200,000 

80 



+ 



04 

Arteriosclerotic 

20 

62 

— 

3,900,000 

70 






—02 

Artenosclerotic 

21 

65 

4 cm 

4,700,000 

94 




25 


Arteriosclerotic 

22 

43 

10 cm 

5,700,000 

SO 



— 

1 35 

Mitral and tricuspid 
insufficiency 

23 

68 


4,300,000 

80 




03 

Toxic goiter (auricu 
lar fibrillation) 


Sections of the livers of the two patients with the hemolytic type 
of jaundice and of two with the obstructive type were examined by 
Dr Richard Austin, but they did not reveal any especial diflference in 
the pathologic picture All presented a chronic passive congestion with 
hemoirhage None of the cases showed demonstrable pulmonaiy 
infarcts , their relationship to the jaundice occurring in myocaidial insuf- 
ficiency has been noted by a number of authors (Eppinger,^^ Libman,®® 

33 Fibhberg, A M Jaundice in Myocardial Insufficiency, J A M A 80 
1516 (May 26) 1923 

34 Meulengracht, E Deutsches Arch f klin Med 132 285, 1920 

35 Eppinger, H, in Kraus and Brugsch Handb d spez Path u Therap 
6 293, 1923 

36 Libman, cited by Fishberg (footnote 33) 
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Keefer and Resnik^’’ and Rich and Resnik^®) In two instances of 
jaundice de\ eloping aftei pulmonary infarction, Keefer and Resnik 
obtained a direct reaction of 2 5 mg 

The mortality m the foregoing cases appears to be directly propor- 
tional to the height of the serum bilirubin, an experience similar to that 
of Bernheim and others, as shown m table 3 

Thus, in virtually one out of five cases with a value of less than 
1 0 mg the outcome was fatal, in contrast to two out of three with a 
value of 1 0 and more 

In nine of twelve cases showing definite hepatic enlargement, the 
value of the serum bihiubm was 1 mg or over However, the remain- 
ing three patients (two with the liver 10 cm below the costal margin). 


Table 4 — Pi oporhon of Moilahty to Height of Serum Bilvubin 



Mg Bilirubin 

Number Cases 

Mortaltiy 

Less than 1 0 


11 

181 

1 0 and over 


12 

066 


Table 5 

— Acute Alcoliohsm 




Mg Alcohol per 


Mg Bilirubin 

No 

Cc of Urine* 

Coma 

Indirect 

1 

42 

+ 

-0 2 

2 

39 

± 

—02 

3 

43 

J- 

02 

4 

20 

+ 

—03 

5 

30 

+ 

04 

6 

50 

+ 

—02 

7 

4 5 

-1 

0 25 

8 

50 

+ 

—02 

9 


+ 

—02 

10 

39 

+ 

— 02 

11 

50 

+ 

—02 

12 

30 

— 

—02 


* Detennmations by Dr E Bagen 

who had a value of only 0 6 mg or less, all recovered, thus illustrating 
the fact that hepatic enlargement does not necessarily signify retention 
of bilirubin , similar results have been noted by Fishberg and 
Andrews There was no instance of definite hyperbilirubinemia in the 
eight cases that did not show enlargement of the liver Brule and 
Fishberg, however, have noted such an increase in the absence of hepatic 
enlargement in cases of cardiac decompensation Lepehne ® and Fish- 
berg have noted that the high values of blood bilirubin occurring m 
caidiac insufficiency are lowered with an improvement m compensation 

37 Keefer, C S, and Resnik, W H J Clm Investigation 2 375 and 389, 
1926 

38 Rich, A R , and Resnik, W H Bull Johns Hopkins Hosp 38 75, 1926 

39 Bernheim, A R Icterus Index, J A M A 82 291 (Jan 26) 1924 

39a Andrewes, C H Quart J Med 18 19, 1924 

40 Brule, M Recherches sur les icteres. Pans, ed 3, 1922, p 117 
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2 Acute Alcohohsm — In twelve cases of acute alcoholism, an 
increase in the seium bilirubin was not encountered, but, on the con- 
trary, a tendency toward bypobilii ubinemia was noted (table 5) In 
four of the cases (5, 6, 7 and 8), blood counts and determinations of 
volume index weie made to exclude hydiemia and anemia In cases 
5 and 7, the determinations were repeated twelve hours later, with vir- 
tually the same results Whether the patients’ levels of serum bilirubin 
weie low befoie the ingestion of alcohol or whether alcohol stimulates 
the liver to increased excretion of bilirubin is not known 

3 Tabes Dorsalis — No increase was noted in the serum bilirubin 
during gastric ciisis in three cases of tabes dorsalis (table 6) This 


Table 6 — Tabes Doi salts with Gastnc Ciisis 


No Mg' Bilirubin Indirect Comment 

1 — 0 2 During crisis 

2 — 0 2 During crisis 

3 —0 2 During cnsis 




Table 7 — Lobai Pneumonia with Jaundice 





White 

Bed 

Hemo 

Day 

Day of 

Mg 




Blood 

Blood 

globin. 

of 

Jaun 

Bilirubin 

Xo 

Age 

Lobes Affected 

Cells 

Cells 

per Cent Illness 

dice 

Direct 

1 

23 

Eight lung 

63,000 

3,600,000 

70 

9 

? 

80 

2 

33 

Eight middle nnd lower 

12,000 

4,600,000 

90 

9 

2 

10 7 

3 

20 

Eight lung, left lower 

17,000 

3,000,000 

2,700,000 

80 

8 

? 

63 

4 

31 

Eight upper 

9,400 

65 

8 

4 

48 

5 

34 

Eight upper 

25,000 

— 

40 

7 

4 

10 0 

6 

20 

Both lower especially right, 

left 








ape's, slightly 

21,400 

4,900,000 

90 

30 hrs 

? 

4 7 

7 

39 

Eight lower 

10,000 

— 

— 

8 

? 

10 6 

S 

33 

Eight lower 

18,600 

4,100,000 

70 

6 

9 

11 0 

9 

19 

Eight lung and left loner 

28,300 

4,400,000 

100 

12 

3 

10 0 

10 

38 

Eight lung 

16,400 

— 

— 

7 

9 

37 

11 

31 

Eight lung 

26,000 

4,100,000 

60 

4 

? 

50 

12 

24 

Eight upper 

29,000 

4,500,000 


S 

? 

50 

13 

22 

Eight lower 

13,300 

4,200,000 

90 

6 

9 

14 0 

14 

40 

Left upper, later right upper 

21,000 

4,400,000 

90 

10 

1 

40 


observation should be of value in differentiating such a crisis from an 
attack of gallstone colic According to Meulengracht,® there is also not 
any use in the serum bilirubin during attacks of lenal colic oi acute 
appendicitis ' 

4 Acute Lobai Piieumonm (with Jaundice ) — In fouiteen cases of 
jaundice developing in the course of acute lobar pneumonia, the most 
striking observation was the involvement of one or more lobes of the 
1 ight lung in thirteen cases, and while the left upper lobe was infiltrated 
at the time of the onset of jaundice in the fourteenth case, infiltration 
of the right upper lobe subsequently occuried (two weeks later) 
(table 7) In the thirteen cases in which the right side was involved, 
there was associated involvement of the left lower lobe in two cases 
and slight infiltration of the left apex in the third Of seven more 





SCHIFF—SERUM BILIRUBIN 


809 


patients having pneumonia with jaundice on whom estimations of seium 
bihiubm were not done, the process was limited to the right side in 
four, It was present on both sides in two, and in the seventh, while 
originally present on the left side (lower, then left upper), subsequently 
involved the light lower lobe twelve days later 

Thus, in 21 cases of acute lobar pneumonia showing jaundice, 
among a total of 826 patients having lobar pneumonia admitted to the 
hospital between 1923 and 1926, inclusive, the pneumonic piocess was 
piesent on the right side in all, in two of the cases (initially left-sided), 
the jaundice preceded recognizable infiltration of the right side While 
the constant association of jaundice and pneumonia on the light side 
occurring in this group of cases may be coincidental, it suggests the 
possibility of an anatomic basis as a factor in the production of the 
secondaiy infectious hepatitis of pneumonia 

Eight of the twenty-one patients died, bearing out Cole’s statement 
that the occurrence of jaundice m acute lobar pneumonia is not of 
seiious prognostic significance 


Table 8 — Cluonic Hemolytic Jaundice 




Gall- 

Abdom- 


Red 

Hemo 


Mg 


Duration 

bladder 

inal 

Spleen 

Blood 

globm. 

Pragilitj Bilirubin 

No 

Jaundice 

Disease 

Pam 

Enlarged 

Cells 

per Cent Increase 

Indirect 

1 

8 years 

+ 

-b 



4,800,000 

so 

T 

50 

2 

10 years 

+ 

+ 

4 cm 

4,300,000 

SO 

— 

7 5 

3 

10 years 

-t- 


4 cm 

3,900,000 

C5 

+ 

50 

4 

9 years 

-b 



— 

2,600,000 

50 

+ 

2 ^ 

5 

3 j ears 


— 

Edge 

4,600,000 

90 

+ 

25 


The earliest instance of marked hyperbilirubinemia was thirt) houis 
after the onset of the disease (case 6), in which a value of 4 7 mg wa'? 
found approximately twenty-four hours prior to the occurrence of 
bilirubinuria 

5 Chrome Hemolytic Jaund-ice — ^All of the cases presented a defi- 
nite increase in the percentage of the reticulated cells, with marked 
urobilmuna (slight in case 4), and absence of bile salts and pigment 
from the urine (table 8) 

Only an indirect reaction was obtained, as van den Bergh first 
pointed out, regardless of the degree of bihfubmemia 

That there is no direct relationship between the fragility of the 
red cells and bilirubinemia is borne out in cases 2 and 5, several simul- 
taneous deteiminations being made in the latter (table 9) It is note- 
worthy that within seventy-two hours after splenectomy the serum 
bilirubin in this case diopped from a level of 4 2 to 0 35 mg an expe- 
rience similar to that reported by Rich and Rienhoff 

- 41 Cole, R , m Nelson’s Loose-Leaf Living IMedicme 1 203, 1924 
42 Rich, A R. and Rienhoff, W F, Jr Bull Johns Hopkins Hosp 36 
431, 1925 
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Evidence of disease of the gallbladder was present in 3, or 60 per 
cent of the series, a fact in harmony with the observations of W J. 
Mayo in a large series of cases The evidence in cases 1 and 2 con- 
sisted of attacks of severe pain in the right upper quadrant and vomit- 
ing, with temporary increase in the jaundice plus failure to visualize the 
gallbladder by Graham’s method Gallstones had been found in case 4 
eight years previously, when a cholecystotomy was performed Patient 
3 was operated on for supposed disease of the gallbladder and later for 
“adhesions,” but he did not know what was found or done 

It should be noted that the highest bihrubinemia was encountered 
with a red cell count of 4 3 million In the instance of the lowest red 
cell count (case 4), a value of only 2 8 mg was found, somewhat 
contrary to what one would ordinarily expect in this disease However, 
the patient also had arterial hypertension with some renal involvement, 
and thus another factor may have been present in the production of 
the anemia 


Table 9 — Serum Btbiubtn tn Case 5 






Date 





Feb 11 

March 17 

May 11 May 14 May 14 

May 17 

Sept 3 

March 14* 

Fragility pt 

0 42-0 32 

0 48-0 42 

0 44 0 36 

Sple- 

0 484) 38 

0 44 0 36 

0 40-0 32 

Fragility control 

0 42 0 32 

0 42-0 34 

0 40 0 32 

nec 


0 40 0 S3 

0 40-0 32 

Mg bilirubin 

25 

10 

31 

4 2 tomy 

0 35 

17 

2 


The two highest values were obtained in the individuals showing the 
greatest splenic enlargement The return of the hyperbilirubinemia in 
case 5 following splenectoinj^ may be due to the existence of a simple 
familial cholemia, which van den Bergh hints may in some instances 
possibly be the forerunner of a hemolytic jaundice It may be added 
that the diagnosis in this case was substantiated at the Mayo Clinic 
Since splenectomy was perfonned, the patient has regained his former 
eneigy and is able to perfoim the arduous tasks of a resident surgeon 
There has been only a trace of urobilin in the urine on a number of 
examinations, and the reticulated cell count has remained normal If 
nothing were known of the^patient’s previous history, his case might 
well be taken for one of simple familial cholemia It should be added 
that he has achlorhydria 

6 Sickle Cell Anemia — An indirect increase in the serum bilirubin, 
similar to that in chronic hemotytic jaundice and pernicious anemia as 
directly opposed to the results in most secondary anemias, would indi- 
cate that the anemia in this disease is hemolytic in character (table 10) 
In case 2, which showed the highest value in the series, bilirubinuria was^ 
not present but marked urobilinuria was found 

43 Mayo, W J Am J M Sc 171 313, 1926 
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Splenectomy in one case did not effect a disappeaiance of the hyper- 
biln ubmemia, nor of the “sickling” of the led cells The latter is per- 
haps comparable to the persistence of increased erythiocytic fragility 
following splenectomy in chronic hemolytic jaundice 

The fiist two of my cases weie reported by Alden/‘ while a report 
of the third is to be published by Mitchell and his associates 

7 Heiedita^y Hemonhagtc Telangiectasia — In six patients who 
had heieditaiy hemoirhagic telangiectasia, a low value of serum bili- 
rubin, similar to that obtained in ordinary secondary anemia, was 
piesent (table 11) Appaiently, only mechanical loss of blood occuis 
in this disease 

Table 10 — Sickle Cell Anemia 






Red 

Hemo- 

Mg 






Blood 

globin. 

Bilirubin 


No 

Ago 

Sox* 

Color 

Cells 

per Cent 

Indirect 

Corament 

1 

4 

cf 

Black 

2,500,000 

CO 

10 


2 

18 

d 

Black 

2,000,000 

43 

1 0 


3 

2% 

d 

Black 

3,000,000 

40 

1 4 

Splenectomy 






(Oct 13) 

(Oct 30) 





2,700,000 

80 

0C5 






(Oct 13) 


(Nov 13) 






4,000,000 


10 







(Dec 13) 


4 

14 

9 

Black 

1,700,000 

SO 

1 3 



In this tabic and table 10, cT indicates male, 

$, lemalc 





Table 

11 — licicdttai 

V Hcmoiiliagic Telangtcciasia 



HcmoBlobln, Mg Bilirubin 


No 

Red Blood Cells 

per Cent 

Indirect 

1 

1,800,000 

33 

03 

2 

4,400,000 


02 

3 

3,000,000 

50 

—02 

1 

3,800,000 

05 

03 

O 

4,200,000 

75 

02 

0 

4,800,000 

70 

—02 


* Mother and live children aflcctcd 


8 Ciirhosis of the Liver — The senes included sixteen cases, four- 
teen showing teitiaiy hepatic syphilis and two showing poital cirihosis, 
piobably alcoholic (table 12) The clinical diagnoses weie based on 
the criteria set forth by Rolleston^® and McCiae and Caven,^'^ a num- 
ber of cases being excluded because of insufficient evidence 

Eight of the sixteen patients showed neither jaundice nor increase 
in the serum biliiubin, while the other eight weie jaundiced, five frankly 
so and three with bile tinged scleiae and mucous membranes, and with a 
questionable yellow tinge to the skin 

44 Alden, H S Am J M Sc 173-168, 1927 

45 Mitchell, A G , Bell, A J, and Kottc, R H Am J Dis Child, to be 
published 

46 Rolleston, H D Oxford Med 3 304, 1921 

47 McCrae, T , and Caven, W R Am J M Sc 172 781, 1926 
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Six of the eight patients without jaundice had expeiienced one or 
nioie hematemeses in the past and presented a seveie degree of secon- 
dary anemia In contiast, only one of the eight jaundiced patients had 
had a hematemesis piior to the occurrence of the jaundice, and in only 
two (patient 9 had vomited blood just piior to admission) did a severe 
becondaiy anemia exist In five of the eight cases not showing jaundice, 


Table 12 — Cm hosts Hepatis* 






— 

Idver 

Blood Path 


Hemo 


Mg 





(Right 

Wasser- ologic 

Red 

globin, 

Bilirubin 


Hcnnt- 


jMidclavicular mann Diag- 

Blood 

per Jaun-/^ 

^ 

No . 

Age emesis Ascites lane) 

Spleen Test nosis 

Cells 

Cent 

dice I>ircct Indirect 

1 

43 

+ 

+ 

14 cm 

9 cm 4+ — 

2,100,000 

35 

— — 

04 

2 

31 

+ 

0 

5 cm 

4 cm 4+ — 

2,800,000 

50 

— — 

0 43 

3 

42 

+ 

+ 

4 cm 

Edge + — 

2,400,000 

50 

— — 

05 

4 

38 

+ 

+ 



4 cm 4+ — 

2,200,000 

SO 

— — 

0 65 

5 

42 

+ 

+ 

— 

— 4+ + 

2,500,000 


— — 

03 

G 

56 

+ 


— 



2,900,000 

50 

— — 

—02 

7 

43 

0 

0 

8 cm 

Edge + 

4,700,000 

90 

— — 

—02 

S 

30 

-f 

+ 

4 cm 

2 cm 4+ — 

2,300,000 

35 

4- 4“ 


9 

44 

0 

+ 

8 cm 

— 4+ + 

2,900,000 

55 

+ 25 


10 

41 

0 

+ 

8 cm 



4,000,000 

S5 

+ 70 


11 

39 

0 

0 

11 cm 

8 cm — — ' 

3,400,000 

70 

+ 65 


12 

58 

0 

+ 

— 

0 — — 

3,900,000 

70 

+ — 

1 To 

13 

42 

0 

0 

12 cm 

0 — + 

4,800,000 

SO 

4- — 

1 5 

14 

60 

+ 

0 

— 

— — + 

3,700,000 

45 

+ 25 


15t 

51 

0 

■f" 

Scm 

4 cm — — 

4,100,000 

70 



15 

16t 

65 

0 

+ 

— 

^ 

4,000,000 

70 

+ — 

1 5 

* 

Cases 

1 to 14 inclusive showed tertnrj siphilis 





t Portal (alcoliolic) cirrhosis 









Table 13 — Mahgmnt Disease of the Lwei 




Irit er (Right Red 

Hemo 

Mg Bilirubin 




MidclaTicuIar Blood 

globin. Primary 


A 

, Jaun- Pathologic 

No 

Age 

Line) 


Cells 

per Cent Site 

Direct 

Indirect dice Diagnosis 

1 

73 

10 cm 


3,900,000 

75 Stomach 



03 



+ (N)* 

2 

65 

4 cm 


4,800,000 

80 Breast 

— 

0 5 



-(N) 

S 

35 

11 cm 


4,500,000 

90 Pancreas 

— 

055 



+ (N) 

4 

71 

10 cm 


4,300,000 

65 Stomach 

— 

0 75 

— 


5 

81 

4 cm 


4,100,000 

90 Stomach 



025 

— 

— 

6 

48 

2 cm 


2,400,000 

35 Stomach 



0 25 

— 

+ (B)t 

7 

20 

4 cm 


2,600,000 

35 Stomach 

— 

—02 

— 

+ (B) 

8 

57 

15 cm 


4,500,000 

80 Gallbladder 



—02 

— 

+ (N) 

9 

47 

6 cm 


3,600,000 

80 ? 

— 

10 

— 

+ (N) 





1,300,000 

30 (Carcinoma) 

— 

—02 

— 


10 4% mo 


1,700,000 

55 Liver (hepatoma) 

— 

06 

— 

+ (N) 

11 

67 

10 cm 


4,000,000 

83 Stomach 

+ 


+ 

+ (N) 

12 

45 

11 cm 


4,300,000 

50 Pancreas 

4- 


+ 

+ (N) 

13 

56 

10 cm 



80 Undetermined 

31 


+ 

+ (B) 

14 

70 

15 cm 


4,000,000 

70 Bile duct 

19 5 


+ 

+ (N) 

15 

69 

4 cm 


3,200,000 

70 Gallbladder 

15 0 


+ 

+ (B) 

16 

68 

2 cm 



75 Stomach 

20 0 


+ 

+ (B) 

17 

66 

Nodular 

3,900,000 

60 Ins 

4 6 

— 

+ 

+ (N) 


* (N) indicates necropsy 
t (B) indicates biopsy 


a hyperbilirubinemia was absent, in spite of considerable enlargement of 
the liver In three of these, a severe anemia existed While it is 
realized that more than three-fourths of the liver can be abruptly 
obstructed without causing even a iipple ofi the clinical surface of 
things (Rons'*® and McMaster and Rous*®), a relationship of the 

48 Rous, Pejton Am J M Sc 170 625, 1925 

49 MclNIaster, P D , and Rous, Peyton J Exper Med 33 731, 1921 
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level of the seium bilnubin as well as the occuiience of jaundice in 
cases of hepatic ciiihosis to the amount of circulating hemoglobin and 
blood cells appeal s to be suggested, as in the cases of hepatic malignant 
disease studied 

9 Malignant Disease of the Liver — Theie were seventeen cases, 
seven with jaundice and ten without (table 13) Among those without 
jaundice, there were only two i datively high values, viz , 0 75 and 1 mg , 
the lemainder being 0 6 rag or less In eleven cases of caicmoraa of 
the liver without jaundice (diagnosis pathologicall}'’ confirmed) Greene 
and his associates ® found two presenting bilirubin values above 2 mg 
and thiee showing values between 0 9 and 1 6 mg , they feel that while 
the deteiminatioii of seium biliiubin may not show any increase in 
some cases, it is nevertheless of definite value in the early diagnosis of 
caicmoma of the liver 


Table 14 — Acute Calanhal Jaundice 


Kumber 

Age 

Liver (Right 
MidclaMCular Line) 

Spleen 

Daj of 
Jaundice 

Mg Bilirubin 
Direct 

1 

9 

6 cm 

0 

9 

65 

2 

25 

0 

0 

10 

10 0 

3 

0 

0 

0 

4 

70 

4 

40 

9 cm Edge on inspiration 

21 

40 

5 

37 

1% cm 

0 

C 

15 0 

0 

20 

0 

0 

14 

Day preceding 

7 

18 7 

40 

1 

SO 

0 

0 

10 0 

8 

33 

4 cm 

0 

24 

37 

9 

15 

2 cm 

Edge 

4 

12 0 

10 

42 

Scm 

0 

25 

30 

11 

19 

' 2 cm 

0 

4 

15 6 

12 

33 

0 

0 

4 

80 

13 

44 

4 cm 

Edge 

2 

18 7 

14 

17 

Gem 

G cm 

7 

94 

15 

44 

5 cm 

Edge 

4 

12 5 


The absence of hyperbilii ubinemia in the presence of hepatic malig- 
nant disease has also been noted by Lepehne,® Meulengiacht,®* and 
Andrewes In the foui cases showing the lowest leadings m bilirubin, 
a seveie secondaiy anemia was piesent In foui of Gieene’s eleven cases 
in which the values were 0 2 mg or less, a severe secondaiy anemia 
existed in thiee On the other hand, it is of inteiest to note that a seveie 
secondaiy anemia was not present in five of the seven cases showing 
jaundice in which counts were recorded, and in all fourteen of such cases 
1 epoi ted by Greene 

It IS of great inteiest to note a fall in serum bihiubm in one of the 
cases (carcinoma), accompanying a drop in the hemoglobin and m the 
numbei of led cells Greene^® has also seen the serum bihiubm fall in 
malignant disease of the liver 

10 Acute Catai i Jtal Jaundice — Fifteen cases of acute catarrhal jaun- 
dice weie studied, seiial estimations being made from dav to day in 
five (table 14) The mean value duiing the first veek of jaundice was 
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approximately 13 mg — a deep jaundice, during the second week, an 
average of approximately 9 mg , a moderately deep jaundice, and during 
the third week, an average of approximately 4 mg , representing a 
relatively mild jaundice In the light of these estimations, the mecha- 
nism of acute catarrhal jaundice appears frequently to be one of 
sudden marked disablement of the liver in regard to the excretion of 
bilirubin, lasting frequently for less than a week, with subsequent rapid 
resumption of function This is in accord with the “two distinct 
phases” of the disease described by Jones and Minot in an extensive 
study of twentjf-six cases, who also found the concentration of serum 
bilirubin during the disease to be a reciprocal of the concentration of 
bile pigment in the duodenum 



Acute catarrhal jaundice 


During the fiist week of jaundice, hepatic enlaigement was detected 
in seven cases, an associated splenic enlargement being present in foui 
instances The average value of bilirubin in the three cases showing 
only hepatic enlargement was 13 06 mg , virtually the same as the 
average value in the four cases showing both splenic and hepatic 
enlargement (13 15 mg per cent) In sharp contrast to this is the 
average of 7 25 mg per cent in the four cases showing neither apparent 
hepatic nor splenic enlargement, in which determinations were also 
made during the first week of jaundice This suggests that the swollen 
condition of the liver may indicate a greater degree of functional impair- 
ment in regard to the excretion of bilirubin 

While all the reactions in this series of cases were of the direct type, 
Schiff and Eliasberg,®’^ in studying a group of thirty cases occurring in 


51 Schiff, E, and Ehasberg, H Kim Wchnschr 38 1891, 1922 
50 Jones, C IM , and Minot, G R Boston M & S J 189 531, 1923’ 
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childien during the winter of 1921 and 1922, found that between 
Octobei, 1921, and Januaiy, 1922, all the seiums gave the delayed 
diiect leaction only, wheieas a pionipt diiect leaction was obtained in 
all subsequent cases, without the least appaient change in the clinical 
picture 

11 Stone Ohstiuctmg the Common Duct — Foui cases of stone 
obstnicting the common duct weie studied (table 15) In thiee, theie 
was a maiked “direct” inciease in the seium bihiubm, while m the 
fouith, one of Chai cot's inteimittent hepatic fevei, a tiansient slight 
inciease duimg the attacks of pain and chills occuiied In this patient, 
the relation of bihrubmemia to tempeiatuie, chills, pain and ntimbei of 
leukocytes is notewoithy and is given in table 16 

Table 15 — Stanc Obsti ucttng Common Duct 


No 

Ago 

So\ 

Pflthologjc 

Diagnosis 

CJinicn] 

Jaundice 

Red Blood 
Cells 

Hemo 
globln, 
per Cent 

Mg 

Bilirubin 

Diiect 

1 

72 

cT 

+ 


4,700,000 

SO 

15 0 

a 

45 

9 

+ 

5^\eelvS 

4,400,000 

73 

94 

3 

30 

9 


7 weeks 


20 0 

1 

43 

9 

+ 

— 


75 

IS 


Table 16 

— Chai cot’s 

Into mittent Hepatic Fcvci 

(Case 4) 







Mg Bilirubin 

Time Temperature 

Leukocj tes 

Bnin 

Chill 

t 

Diicct 

V 

Indireet 

1/3/27 4 00 p m 

9S4 

9,400 

0 

0 

— 

06 

1/5/27 7 00 p m 

103 2 

ir.soo 

+ 

+ 

1 8 


1/6/27 6 30 p m 

99 4 

9,000 

0 

0 

— 

04 


Walters'^- has noted the fiequency of stone in the common duct 
wuthout jaundice Moie lemaikable is the fact that a stone may be 
piesent without even a distinct inciease in the serum bihiubin, as in 
case 4 of this senes (between attacks) and m one of eighteen cases 
of chionic cholecystitis studied 

12 Tmnor OhsUucting the Common Bile Duct — Ot paiticular 
interest in this senes aie thiee instances of a fall in seitini biliiubin 
when a tumor obstructed the common bile duct (table 17) In two, 
a pathologic diagnosis of caicinoma of the panel eas was made, while 
in the thud a firm tumor of the papilla of Vater. measunng 2 by 5 cm , 
and thought to be malignant, was encounteied at operation Woid was 
received latei fiom this patient’s physician that the jaundice had com- 
pletely disappeared 

It IS of inteiest to note in case 4 a decline in the hemoglobin and 
red cell count accompanying the drop in the serum bilirubin suggesting 

52 Walters, Waltman Surg Gynec Obst 42 453. 1926 
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a possible cause for the lattei This is in accord with the experiments 
of Rous and Drury in ligation of the common duct, which Poer 
and I have had occasion to veiify in a number of animals The 
appeal ance of the skin on May 7 was one of mixed gieen and black 
jaundice, leplacing the yellow tint noted February 4, and yet the 
bilii ubinemia was at its lowest level This, of course, is only another 
aigument for the impoitance of the estimation of serum bilirubin 
McNee mentions a similai experience 

In case 5, it was surprising to note a seium bilirubin value of only 
4 mg (deteiminations on three successive days), with a jaundice of a 
month’s duiation The tumor may have been of an inflammatory nature 
It IS unfortunate that autopsy was not obtained in this case 

Tablf 17 — Tumoi Obstiucting Common Duct 





Duration of 


Bed Blood 

Hemoglobin, 

Mg Bilirubin 

Ro 

Age 

Diagnosis 

Jaundice 

Died 

Cells 

per Cent 

Direct 

1» 

72 

Operative 

? 

"h 

4,800,000 

65 

9 3 (Sept 3) 
13 8 (Sept 9) 

2* 

06 

P ithologic 

5 n eeks 

+ 


60 

20 0 

3* 

67 

Pathologic 

2 veeks 

— 

5,100,000 

74 

15 0 (Feb 4) 

17 7 (Feb 14) 






3,400,000 

50 

5 0 (May 9) 

4* 

51 

Operative 

4 veeks 

+ 

4,900,000 

70 

4 0 (Aug 31) 

4 0 (Sept 2) 

5* 

SS 

Clinical 

9 

+ 

5,000,000 

70 

94 

ct 

59 

Operative 

i 



7 5 (Oct 5) 


12 6 (Oct 16) 
9 1 (Oct 30) 
6 3 (Nov 10) 


* I'umor of held of pancreas 

+ Lxplontory laparotomy shorved a firm mass, 2 by 5 cm , at papilla of Vater, 'with dila 
tation of common duct The jaundice eventually disappeared 

SUMMARY 

The oiigmal obseivation of Hijmans van den Bergh that inciease 
of serum bilirubin duiing obstructive jaundice gives a “diiect” reaction 
with Ehilich’s diazo reagent and that inciease in hemolytic types of 
jaundice gives onlj^ an indirect leaction has been confiimed 

One milligiam per bundled cubic centimeteis of serum may be 
safeh considered the upper limit of noimal with values between 0 6 
and 1 mg as possibh indicative of inciease The values are somewhat 
higher among males than females Values above 1 mg are encoun- 
tered in new-boin infants 

Estimations of seium bilirubin aie of prognostic value in congestive 
heait failure levels exceeding 1 mg per cent being frequentlv followed 
by fatal termination Hepatic enlaigement does not necessarily signify 
hvperbiliriibinemia 

53 Rous, Pei ton, and Drury, DR J Exper Med 41 601, 1925 

54 Poer, H D , and Schiff, Leon Unpublished data 
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Low values of serum bilirubin A\eie noted m acute alcoholism 
Whether this is due to stimulation of excretion of biliiubin is not 
known 

No inciease m the serum bilirubin occuis duiing the gastiic ciises 
ot tabes doisahs, in contrast to attacks of acute gallstone colic 

The constant association of right-sided lesions in lobai pneumonia 
with the incidence of jaundice m 21 of 826 cases suggests an anatomic 
factor as possibly opeiative in the production of hepatitis with jaundice 
in this disease 

In chronic (splenomegahc) hemolytic jaundice, theie ma) not be 
any definite relationship between the degiee of bihrubmemia and the 
erythrocytic fragility at a given time Theie is evidence substantiating 
the obseiwation of van den Bergh that ceitain instances of physiologic 
h) pel bihrubmemia may show some of the chai acteristics of hemolytic 
jaundice 

In sickle cell anemia as in chionic hemolytic jaundice (and also 
pernicious anemia), the seium bilirubin shows an inciease of the 
“indirect” type of van den Bergh 

In hereditary hemorrhagic telangiectasia, relatively low values in 
seium biliiubin are obtained, as m oidinai} secondan anemias 

In acute catarrhal jaundice, there is a tendenc} foi the highest 
serum bilirubin levels to occur m cases showing demonstiable hepatic 
enlargement, suggesting in the latter instance a greatei degiee of func- 
tional impaiiment of the hvei 

Theie is evidence suggesting that the level of the serum biliiubin 
and the occurience of jaundice in cases of hepatic malignant disease and 
ciirhosis may depend on the amount of hemoglobin and the numbei of 
led cells circulating in the blood 

The level of serum bilirubin may drop and the jaundice ma> 
dimmish in the piesence of obstruction of the common bile duct by 
tumor and also in carcinoma of the liver A simultaneous drop in the 
hemoglobin and numbei of red blood cells has been noted m some cases 



DIETARY FACTORS THAT INFLUENCE THE 
DEXTROSE TOLERANCE TEST 


A PRELIMINARY STUDY 
J SHIRLEY SWEENEY, MD 

DALLAS, TEX 

The dextrose tolerance test is now being extensively employed as a 
diagnostic piocedure It is most beneficially used in the differentiation 
of mild diabetes mellitus and renal diabetes It is also being used, and 
IS believed to be of diagnostic value, in many pathologic conditions, such 
as encephalitis, malignant tumor, pituitary and thyroid dysfunctions and 
nephritis ^ 

Although it IS definitely established as a diagnostic procedure, there is 
some diversity of opinion concerning what constitutes a normal response 
to the 01 al administration of dextrose Some writers state that in a 
healthy person there may be a postprandial rise in blood sugar of from 
14 to 16 per cent and a return to the normal within two hours ^ There 
are other writers ® who consider a postprandial hypei glycemia of 20 per 
cent within normal limits It is generally believed that the persistence 
of the postprandial hyperglycemia is of more diagnostic significance 
than the degree of hyperglycemia ^ In early cases of diabetes the blood 
sugar curve uses highei, stays up for a longer time and does not return 
to normal for several hours Macleod says that ‘‘slight deviations from 
the normal must not be given too much weight in diagnosis, since they 
may occur in other diseases or even in perfectly normal persons ” ® 

All who have studied dextrose tolerance curves have noted the 
variability exhibited by normal persons, to say nothing of those who are 

' From the Departments of Internal Medicine and Physiology, Baylor Uni- 
■versity, College of Medicine 

1 Graj', Horace Blood Sugar Standards in Conditions Neither Normal 
nor Diabetic, Arch Int Med 31 259 (Feb ) 1923 John, H J Ann Clin Med 
5 340, 1926 Fnedemvald, J, and Grove, J G Am J M Sc 33 163, 1922 
Paullin, J E , and Sauls, H C South M J 15 249, 1922 Mosenthal, Herman 
O M Chn N Amer 9 549, 1925 

2 Mosenthal (footnote 1, fifth reference) Macleod Physiology and Bio- 
chemistry m Modern Medicine, ed 5, St Louis, C V Mosby Company, 1926, 
P 876 

3 Hale-White, R, and Payne, W W Quart J Med 19 393, 1926 
Gilbert, Max, Schneider, Hans, and Bock, Joseph C J Biol Chem 68 629, 
1926 

4 Mosenthal (footnote 1, fifth reference) John, H J J M Research 
4 255, 1923 

5 Macleod (footnote 2, second reference) 
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diseased These variations have been discussed and explained in dif- 
feient ways “ 

It occurred to me that perhaps the chaiactei of the food and the 
amount of water that a peison had been consuming foi a few days piioi 
to the time the toleiance test was made might be factors that would 
influence the dextiose toleiance curve If these factois should pro\e 
to be capable of altering a tolerance curve, they could be conti oiled 
This would eliminate some of the confusing variability that is so fre- 
quently observed It was these thoughts that lead to the following 
expeiiments 

Young, healthy, male medical students weie used to study the effect 
of diffeient preceding diets Foui groups weie formed The subjects 
in one group weie given a piotem diet, those in another a fat diet, those 
in a third a iich carbohydrate diet, and those in the fourth group were 
not given any food — the staivation group Those on the piotem diet 
received only lean meat and the whites of eggs The students on the fat 
diet received only olive oil, butter, mayonnaise made with egg yolk, and 
20 per cent cieam Those in the group fed on carbohydi ates were 
allowed sugai, candy, pastiy, white biead, baked potatoes, syiup, 
bananas, iice and oatmeal These diets were followed foi two days 
Meals weie taken at the usual houis, and eating between meals was 
allowed, piovided the diets weie followed Those in the starvation group 
did without food for two days On the morning of the third day, each 
student was given by mouth 1 75 Gm of dextrose per kilogram of body 
weight, on an empty stomach Deteiminations of blood sugar weie 
made fiom samples of venous blood removed immediately before the 
dextiose was given, and at 30, 60 and 120 minute mteivals following 
Its administration I made all deteiminations of blood sugai by the 
Folin-Wu method " 

The lesults of these tests are listed in tables 1, 2, 3 and 4, and in 
charts 1, 2, 3 and 4 It will be noted that the curves are strikingly 
different The persons who starved and those who were placed on the 
fat diet piesent the most abnormal i espouses to the administration of 
dextiose In no instance did the blood sugar return to normal within 
two hours The most atypical cuive of these two gioups is that of 
subject W, whose blood sugar rose to 0286 mg per hundred cubic 
centimeters of blood at the two hour obseivation This student was 
nauseated, which probably explains not only the delayed use, but also 

6 Mosenthal (footnote 1, fifth reference) McCaskey, G W The Basal 
Metabolism and Hyperglycemic Tests of Hyperthyroidism, JAMA 73*243 

(July 26) 1919 Rolidenburg, G L , Bernhard, A ,'and Krebbiel, O Am T M 
S 159 577, 1920 , ^ j in 

7 Fohn and Wu J Biol Chem 38 81, 1919 
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Table 1 — Results of Dextiose Toleiance Tests on Fotii Noimal Young Adults 
(Medical Students) Who Had Been Eating Only Pioteuis 
foi Two Day: Pi w I to Tests 


Blood Sugar Mg per 100 Cc 





i 


After Dextrose 

A 

N 

Subject 

4ge 

Dextiose Gm 

Basting 

f 

30 Minutes 

60 Minutes 

120 Minutes 


23 

95 

69 

143 

148 

154 


25 

140 

75 

14S 

182 



25 

110 

62 

125 

168 

155 


25 

13S 

71 

155 

1(2 

125 


Table 2 — Results of Dextiose Toleiance Tests on Five Noimal Young Adults 
Who Had Been Placed on the Fat Diet foi Tzvo Days Piioi to the Tests 






Blood Sugar Mg per 100 Cc 







After Dextrose 


Subject 

Age 

Dextrose Gm 

Fasting 

30 Minutes 

60 Minutes 120 Jlinutes 

W 

26 

71 

69 

100 

95 

286 

B 

25 

137 

78 

143 

178 

133 

S 

23 

119 

80 

170 

232 

190 

B2 

21 

105 

95 

222 

219 

170 

J 

22 

119 

80 

143 

195 

200 

Table 3 — Results of Dextiosc Tolerance Tests on Eight Noimal Young Adults 

Who Had Been Placed 

on the Caihohydi ate Diet foi Two Days Prioi 

to Tests 





Blood Sugar Mg per lOO Cc 





t 


After Dextrose 


Subject 

Age 

Dextrose Gm 

Fasting 

30 Minutes 

60 Minutes 120 Minutes 

c 

23 

85 

74 

111 

125 

111 

N 

25 

115 

78 

111 

101 

88 

J 

24 

126 

75 

85 

97 

85 

A 

22 

141 

80 

148 

111 

So 

P 

25 

125 

80 

121 

143 

105 

Jack 

24 

105 

98 

148 

108 

100 

J2 

22 

119 

82 

121 

114 

82 

S 

23 

119 

89 

111 

73 

83 


Table 4 — Results of Dertiose Toleiance Tests of Five Noimal Young Adults 
Who Staiwed foi Foi ty-Eight Homs, Only JVatei Being Taken 


Blood Sugar Mg per 100 Cc 


After Dextrose 



Subject 

\ge 

Dextrose Gm 

Fasting 

30 Minutes 

60 Minutes 

120 Minutes 

J 


24 

124 

71 

133 

167 

235 

A 


22 

145 

61 

143 

182 

229 

M 


25 

143 

58 

114 

160 

129 

D 


25 

149 

67 

113 

ITS 

131 

R 


21 

139 

72 

157 

242 

174 

C 


23 

119 

74 

211 

200 

205 





140 




Fasting 30 60 l-sU 

Time of blood sugars 

Chart 1 — Graph showing dextrose tolerance curves of four normal young 
adults who had been eating a protein diet for two days The dash line in all 
charts is the average or type curve 
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Fasting 30 60 120 

Time of blood sugars 

Chail 2— Graph showing dextrose tolerance curves of five normal 
adults who had been eating a fat diet for two days 





180 



Fasting 30 60 120 

Time of Wood sugars 

Chart 3 — Graph showing dextrose tolerance curves of nine normal jmung 
adults who had been eating a rich carbohydrate diet for two days 



Chart 4 — Graph showing dextrose tolerance curves of six normal young 
adults iiho did without food for two days, taking only water 
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the slight drop at the one hour observation This effect of nausea has 
been pointed out pi eviously ® 

The groups fed on protein and on carbohydiates, especially the latter, 
showed a maiked contrast to the other groups Judged by some 
standards, none of the curves for the protein group should be considered 
normal Those in the caibohydrate group are all strikingly within 
normal limits, in fact, the highest postpiandial rise in this group was 
to a level of 0 148 mg per hundred cubic centimeters of blood The 
highest two hour obseivation was to 0 lllmg 

A better comparison of these groups is obtained by examining table 5 
and chart 5 in which are contained the average or type curves of each 
group It will be noted that those students who were on the carbo- 
hydrate diet exhibited a marked increase m sugar tolerance and those 
on a protein diet a slight decrease in tolerance, while those who were 
placed on the fat diet and those who weie starved manifested a definite 


Table 5 — Table Showing Aveiage Dextrose Toletance Cnives or Type Curves of 
the Students m the Four Diffcieni Dietaiy Gioups 




Blood Sugar Mg per 100 Cc 




Diet Groups 

Pasting 

30 Minutes 

After De-vtrose 

1 

60 Minutes 

120 Minutes’ 

Pats* 

83 

170 

206 

ITS 

Protein 

69 

143 

167 

145 

Carbohydrate 

Si 

118 

113 

90 

starvation 

67 

145 

18S 

184 


* Averages excluding curve of subject W, wbo was nauseated 


decrease in sugar tolerance The diffeiences in the aveiage fasting blood 
sugars are noteworthy The blood sugar m those of the protein and 
starvation groups was distinctly lower than that of the membeis of the 
fat and carbohydrate groups 

Because of the great difference in these groups, those students on 
the fat diet and those in the staivation group who showed the most 
extreme responses were placed on the carbohydrate diet Simiharly, 
those m the carbohydrate group who showed an extreme i espouse were 
placed on starvation lestriction This was obviously done to determine 
whether the curve of a person could be changed significantly by diet 
The lesults are presented m table 6 and m charts 6 and 7 

Comparison of the curves of these five students is sinking The 
curves of all who had been placed on carbohydiate diets manifested a 
definite increase m their sugar toleiance When thiee of these (the 
three most extreme) were placed on starvation restiictions, the curves 
were notably abnormal, there was a maiked postprandial hyperglvcemia. 


8 Hale- White and Payne (footnote 3, first reference) 
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which peisisled at the end of two horns, m other woids, what was an 
inci eased sugar tolerance following the caibohydiate diet became a 
definitelj' deci eased tolerance following two days of stai\ation The 
lemainmg two peisons who weie placed on the fat diet showed a similai 
decreased toleiance It should be stated that an inteival of at least one 
week was allowed between the toleiance tests perfoimed on the same 
subject 

It IS plain fiom the foiegoing experiments that the dextiose tolerance 
test may be significantly affected by the character of food taken piior to 



Fasting 30 60 120 

Time of blood sugars 

Chart 5 — Graph showing the average or type curves (figures in table 5) 
Reading from below upward on the two hour ordinate, the curves are as follows 
first, carbohydrate, second, protein, third, fat, and fourth, starvation 

the test Practically, this means that a standardized diet should be 
worked out to be followed piior to the performance of the dextrose 
tolerance test It is reasonable to believe that if a dextrose tolerance 
curte can he so materially alteied by two days of such restriction of 
the diet as has been shown, that a standardized diet would have the 
tendenc)- to cause a less variable response In this connection it is 
possible that some of the atypical curves that have been noted in different 
pathologic conditions may in reality be due to the diets indicated and 
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taken in such states Likewise, some of the slightly abnormal cmves 
noted 111 healthy persons may have the same basis of explanation 

Dogs weie used for the purpose of studying the effect of hydration 
and dehydiation on dextiose toleiance To dehydrate the animal, all 
water was withheld for two days To increase the body fluids. 500 cc 
of physiologic sodium chloride was injected intraperitoneally on the 
day preceding the test, and 350 cc more was injected two hours befoie 



Chart 6 — Graph showing two curves for each of three normal young adults 
In one instance — the curves marked S — ^the students were starved for two days 
prior to the test, in the other instance — the curves marked C — they were fed the 
carbohydrate diet Similar lines represent the same subjects 


the dextiose was administeied ^ All dogs were given 2 Gm of dextiose 
pel kilogram of body weight by stomach tube The dextiose was diluted 
with water to make a 20 per cent solution Samples of blood weie 
drawn as aheady described for medical students All determinations 
were made by Mi R W Lackey of the physiology depaitment The 


Andrews, Edmund Water Metabolism, Sugar Metabolism m Dehydra- 
Arch Int Med 38 136 (July) 1926 
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Hartmann-Shafter method was used All dogs received a mixed diet 
containing varying proportions of meat, bread and vegetables 

In tables 7 and 8 are listed the results obtained on five hydrated 
and two dehydrated dogs, lespectively The same results are presented 
graphically m charts 8 and 9 The dash line in each chart is the average 


Table 6 — Table Showing the Dextrose Toleiance Ftgwes of Fwe Medical Stu- 
dents, Each of Whom Was Placed on Two Diffet ent Diet Resfi ictions, as 
Indicated fot Two Days Pilot to the Tests An Intel val of at Least 
One Week JVas Allozved Between Tests on the Same Individual 


Blood Sugar Mg per 100 Cc 

K 


After Dextrose 

A 





Dextrose 


/ 


^ 

Subject Age 

Diet 

Gm 

Fasting 

30 Minutes 

60 Minutes 

120 Minutes 

A 

22 

Starvation 

145 

61 

143 

182 

229 



Carbohydrate 

141 

80 

148 

111 

85 

Jack* 

24 

Starvation 

124 

71 

133 

167 

235 



Carbohydrate 

165 

98 

148 

108 

100 

C* 

23 

Starvation 

119 

74 

211 

200 

205 



Carbohjdrate 

85 

74 

111 

125 

111 

J 

22 

Fat 

119 

80 

143 

195 

200 



Carbohydrate 

119 

82 

121 

114 

82 

S 

23 

Fat 

119 

80 

170 

232 

190 



Carbohydrate 

119 

89 

111 

73 

83 


* It will be seen that the amounts of dextrose given to students Jack and O differed for 
the two tests This vas due to an error in the arithmetic It is noteworthy that these 
errors varied in such a nay as to make the effect inconsequential 


Table 7 — Results of Dextiose Tolciance Test on Five Dogs That Had Received 
850 cc Physiologic Sodium Chloride Intrapet itoneally Pi tot to the Test 


Blood Sugar Mg per 100 Cc 







After Dextrose 

\ 


Subject 

Dextrose Gm 

Fasting 

30 Minutes 

60 Minutes 

120 Minutes 

Dog 1 


20 

115 

112 

171 

160 

Dog 2 


20 

100 

118 

126 

113 

Dog 3 


20 

113 

125 

132 

156 

Dog 4 


28 

93 

107 

134 

133 

Dog 5 


30 

100 

150 

149 

140 


Table 8 — Results of Dexhose Tolciance Test on Two Dogs That Had Not 
Received Any Water foi Two Days Piiot to the Test 


Blood Sugar Mg per 100 Cc 



After Dextrose 


Subject Dextrose Gm Fasting 30 Minutes 60 Minutes 120 Minutes 

Dog 1 25 S7 169 201 113 

Dog 2 32 90 139 162 148 


cuiie Three interesting differences are noted in the comparison of 
these two groups First, there seems to be a lower blood sugar in the 
dehydrated animals while fasting, second, the postprandial hyper- 
glycemia IS distinctly less at the thirty minute observation in the hydrated 


10 Hartmann, A F , and Schaffer, PA J Biol Chem 45 368, 1920 







Fasting 30 60 120 

Time of blood sugars 


Chart 7 — Graph showing two curves each of two normal young adults In 
one instance — the curves marked F — the students were fed the fat diet for two 
days prior to the test, in the other instance — the curves marked C — they were 
fed the carbohydrate diet Similar lines represent the same subjects 



Fasting 30 60 120 

Time of blood sugars 


Chart 8 —Graph showing sugar tolerance curves of five hydrated dogs These 
animals received 850 cc of physiologic sodium chloride mtrapentoneally 
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dogs, and third, there seems to be a tendency toward a delayed return 
to normal at the two hour peiiod m the hydiated animals It will be 
noted that one hydiated dog (dog 5, table 7) showed a mailced thirty 
minute rise in blood sugar as compared to the others in this group 
This animal was extiemely nervous Every time he was handled he 
Avould become iigid and remain so until placed back in his cage The 
factors involved in this phenomenon may explain the comparatively 
abrupt thii ty minute rise in blood sugai 

It IS unwise to conclude much from so few obseriations It is 
believed, howevei, that the really significant result of this expeiiment is 



Fasting 30 60 120 

Time of Wood sugars 

Chart 9 — Graph showing dextrose tolerance curves of two dehjdrated dogs 
All fluids ere withheld for two days 

the delayed initial rise of blood sugai in the h3''diated animals This 
result IS most probably explained on the basis that a mild tiansient 
hjdremia was produced by intiaperitoneal injections of phj'^siologic 
sodium chloride More experiments are being performed on hydrated 
and on deh} drated animals in avIucIi the diets ai e standardized 

COMMENT 

It may be stated with reasonable accuiacy that the major portion of 
the dextrose ingested during a dextrose tolerance test is conveited into 
gh cogen The height of the postpiandial In perglycemia, the rapidity 
of the rise and the persistency of the h^perghcemia may be said to be 
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dependent on the degiee of activity of this glycogenic function Recent 
experimental e-vidence has been accumulated which tends to asciibe a 
strictly anabolic function to insulin ® Lawrence has recently piesented 
good expel imental evidence favoring the anabolic function of insulin 
By this conception, that is, that insulin has principally a glycogenic 
function, one may readily explain the behavior of the dextrose tolerance 
curves obtained not onl}^ in the subjects in this study, but also in healthy 
persons and in patients with diabetes melhtus One assumption, how- 
ever, IS necessary , namely, that the ingestion of carbohydrates activates 
an intermediate hormone which in turn stimulates the pioduction of 
insulin This is certainly reasonable from a physiologic point of view 
With these points m mind it may be said, in explanation of the 
normal dexti ose tolerance curve, that when dextrose is taken, a hormone 
is produced which stimulates the production of insulin The result is 
only a moderate postprandial rise m blood sugar until the insulin that 
has been produced has caused active glycogenesis 

In health and as a result of daily eating of the usual mixed diet, 
this mechanism is working smoothly and flexibly, in othei words, the 
response to caibohydrate ingestion is normal In case of diabetes, 
although the hormomc response is normal after the ingestion of dextrose, 
the amount of insulin that is produced is insufficient to store the dextrose 
as glycogen, and there is a resultant hyperglycemia and a prolonged 
curve 

In the cuives of the subjects fed on carbohydiate there is an insig- 
nificant rise m the blood sugar This phenomenon, therefore, may be 
explained by the more active functioning of the honnone stimulating 
process as a result of an excessive intake of carbohydrates Conse- 
quently, when dextrose was administered, there was no delay in this 
mechanism, and the stimulation with insulin was more prompt, the 
result was quick and active glycogenesis 

In those persons who weie on protein diets only a slight variation 
from the normal was found in their response to dexti ose This may 
possibly be explained on the basis of the carbohydrate content of 
protein 

In the next group of patients, namely, those leceiving fats, the curves 
fall just where one would expect them to according to the theory pro- 
posed As a result of much ingestion of fat, the activation of the insulin 
stimulating hormone has been reduced This would cause a sluggish 
lesponse when dextrose is ingested, theiefore, a rather steep rise m the 
blood sugar occurs until the insulin stimulating process has been com- 
pleted 

11 Lawrence, R D Quart J Med 20 69 (Oct) 1926 

12 This term I's used rather loosely I am aware of other probable actions 
of insulin (reference 5) 
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What has been said of the curves for the subjects on the fat diet 
may be said for those of the subjects in the starvation group It is 
interesting to note that the average curve for the subjects fed on fats 
showed evidence of a slightly quicker response, that is, a reduction in 
blood sugar, than did the aveiage cuive for the starvation group This 
may possibly be due to the small percentage of carbohydrate that fat 
yields 

Joshn, as well as others, for a long time has stressed the overeating 
of staiches and sugars as important etiologically in diabetes mellitus 
The foregoing results tend to strengthen this belief Whatever lies 
behind the innate desire for sweets, overeating of them by some peisons 
may impair an inherently weakened insulin producing organ As a 
result, when glycogenesis is lessened, the storage of fat inci eases and 
the weight increases, an almost invariable fact in the anamnesis of any 
diabetic person Diabetes mellitus follows varying periods of obesity 

CONCLUSIONS 

1 The dextiose tolerance test, as usually employed, has been shown 
to be mateiially influenced by different antecedent foods or diets, and 
to some degree by the preliminary intake of water It is suggested that 
a standardized antecedent diet might eliminate the variability produced 
by different foods It is further suggested that some of the dextrose 
tolerance curves believed to be peculiar to different pathologic conditions 
might result from the diets indicated oi taken in such conditions 

2 The principal effect of hydration or dehydration on the dextrose 
tolerance curve appears to be a delayed thirty minute postprandial rise 
m blood sugar in hydrated animals This was interpreted on the basis 
of a transient hydremia 

3 Dextrose tolerance tests performed on medical students are shown 
to vary definitely with the character of the antecedent diet Four dif- 
ferent types of curves are presented the piotein, fat, carbohydrate and 
starvation curves These curves are distinctly different and are obtained 
by simply restricting the diet to protein, fat, carbohydrate and starvation 
for two days prior to the test 



CHEMICAL STUDIES IN TUBERCULOSIS 

I PLASMA PROTEINS, CHOLESTEROL AND CORPUSCLE VOLUME * 

LILLIAN EICHELBERGER, PhD 

AND 

K LUCILLE McCLUSKEY, PhD 

CHICAGO 

Medical literatuie leveals extensive work on cholesterol and plasma 
protein content of the blood in health and in vaiious diseases, but only 
a limited number of the reports contain data on pulmonary tuberculosis 
Since the onset and the course of development of tuberculosis are corr^ 
paratively slow, the changes in the blood are likewise slow, m striking 
contrast to the rapid changes found in pneumonia As a result of this 
gradual change, various stages of tuberculosis present chemical pictures 
as opposite as those found in different diseases Therefore, to formu- 
late definite conclusions regarding chemical changes in the blood, 
repeated examinations supplemented with clinical observation should 
be made on subjects representing all stages of tuberculosis 

The purpose of this work is to ascertain a possible relationship of 
the plasma proteins, cholesterol and corpuscle volume to the different 
stages of tubeiculosis Single deteiminations were made on seventy- 
one patients, and repeated determinations on thirty-eight 

METHODS 

The blood was drawn before breakfast from the antecubital vein in a Keidel 
tube containing 2 mg of neutral potassium oxalate per cubic centimeter of blood 
The cholesterol was determined in the whole blood, and the proteins were 
determined in the plasma For analyses the standard methods for plasma 
proteins,^ cholesterol* and cell volume® were employed Analyses were made 
in duplicate, and satisfactory checks weie obtained in all results reported The 
results are given in table 1 


COMMENT 

The corpuscle volume depends on two factors the number and the 
size of the erythrocytes A low erythrocyte value in tuberculosis is 
always accompanied by a low coipusde volume, but a low corpuscle 
volume IS not always accompanied by a low eiythrocyte count In fact. 


' From the Research Laboratories, Chemical Department, of the City of 
Chicago Municipal Tuberculosis Sanitarium 

^ Determination of Plasma Proteins, J Biol Chem 51 33 

(March) 1922 

^determination of Cholesterol in Blood, J Biol Chem 24 227 

(Feb) 1916 

3 Sundstroem and Bloor The Physiological Effects of Short Exposures 
to Low Pressures, J Biol Chem 45 153 (Dec) 1920-1921 
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the led cell count may be normal or even higher This deciease in the 
corpuscle volume is due to a shrinkage in the size of the cell, a phe- 
nomenon which perhaps can be attributed to a disturbance m the osmotic 
pressure of the body fluids The deteimination in the individual cell 
volume appeals to depend on a loss in the water content rather than 
on the other constituents As evidence, the phosphorus ^ content of the 
individual red cell in tuberculosis, although decreased m size, was found 
to be equal to or greatei than that of the normal cell 

A definite disturbance in cholesterol metabolism occurs in tuber- 
culosis The cholesterol content of the blood may be either hyponorraal 
or hypernormal The increase may be attributed to one oi more of 
the following factois 

The first is the immunization against infection The lelationship 
between cholesterol and immunity is probably due to the action of 
cholesteiol against toxins as exhibited by the fact that hemolysis by 
saponin is prevented by cholesteiol The second is the need foi 


Table 1 — Aveiage Noimal Values 



Percentage 

Percentage 

Corpuscle volume 

45 (Men) 

40 (Women) 

Vibnu 

0 300 

"H) 05 

Albumin 

4 900 

-K>S 

Globulin 

2 200 

-+■0 4 

Albumin plus globulin 

Albumin ; 

Globulin 2 2 

Cholesterol, 185 mg per 100 cc 

7100 


leplemshing new cells lost through destruction of tissue, since cholesterol 
IS a necessaiy constituent of all cells The third factor is the destruc- 
tion of cells, which hbeiates the cholesterol ® It is not excreted as a 
waste product, but is utilized for the formation of new cells 

A similar disturbance is expected in all tissues, associated with the 
disturbance in the blood cholesteiol Chauffard ® found a definite 
equilibrium between the cholesteiol content of the blood and the supia- 
renals m various diseases The disturbance of the cholesterol in the 
tissues would modify the watei content, since it has been shown that 
tissues with the most cholesterol have the gieatest powei of imbibing 
and holding water Thus great emaciation and dehydiation of body 
tissue (fai advanced phthisis should show a hypocholestei olemia This 
condition suggests a diet of food rich in cholesterol, such as eggs and 

^ 4 McCIuskey The Distribution of Phosphorus Compounds in the Blood in 

Tuberculosis, J Lab & Chn Med 10 466 (March) 1925 

5 Doree and Gardner Proc Roy Soc, London, B, 81 109, 1908 

6 Chauffard, quoted by Shafer, E Sharpley Endocrine Organs, London, 
1924, p 109 




Tabll 3 — Obscivations on Blood %n Women with Pulmonaiy Tubet culosts 
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butter, since the level of cholesterol in the blood and likewise in the 
tissues can be raised through the feeding of cholesterol oi foods rich 
in cholesterol 

CONCLUSIONS 

The data given in the tables justify the following conclusions 
First, with a subnormal cholesterol content, clinical improvement is 
accompanied by an increase in blood cholesteiol (table 5, patients 84, 85, 
88, 89, 93 and 104), while the reverse can be obseived in patients 94 and 
96 (table 5) Second, a stationary or inci easing hypercholesterolemia 
in tuberculosis indicates immunity and resistance, and a falling hyper- 
cholesterolemia indicates the opposite 

Fibrin, a plasma globulin, is a labile substance compared with the 
other blood pioteins Since it reacts to a multitude of stimuli within 
the body, an individual fluctuation of from 20 to 25 per cent is con- 
sidered within normal limits The only factors that have been proved 
to influence fibrin content aie food, heinorihage, inflammation, injui} 
to tissue and certain general intoxications which do not cause any 
obvious injury to cells The increase in fibrin found in tuberculosis 
may be due to injured tissue, to the familiar inflammation which usually 
accompanies extensive tissue injury and to the presence of pathogenic 
organisms, although Foster and Whipple ’’ conclude that bacteria are 
not directly concerned in this leaction, since fibrin values are identical 
in blood whether a sterile or a septic inflammation is present This 
conclusion seems to account for the results obtained from a comparison 
of the fibrin values and the leukocyte count, namely, all patients with 
a high leukocyte count have a high fibrin value (table 2, patients 16, 
3, 10, 27, 14), but the high leukocyte count does not in all instances 
accompany a high fibrin (table 2, patients 24, 25, 33 , table 4, patients 46, 
47, 56) Since injury to tissue is the most powerful single stimulus 
to the overproduction of fibiinogen in the blood, it follows that the 
quantity of fibrinogen is a direct measure of the amount of tissue under- 
going active destruction This accounts for the fact that often 
fibrinogen is as high in the moderately advanced or incipient type of 
tuberculosis as in the far advanced cases 

Serum proteins under ordinary conditions in the individual case 
are relatively constant, but may vary, particularly in disease A dis- 
turbance in the concentration of the albumin and the globulin occurs in 
tuberculosis — a condition which is difficult to explain, since little is 
known of the exact function of the proteins in the blood 

The fluctuations of serum proteins in tuberculosis were found to 
be an increase in the globulin fraction with a decrease in the albumin 

7 Foster and Whipple Blood Fibrin Studies, Am J Physiol 58 408 CJan ) 

1922 
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in the majority of cases, and a normal or slightly increased total protein, 
especially in the far advanced type The inciease m globulin may be 
due to the body’s resistance to infection, to formation of toxins, or to a 
development of immune bodies Moll ® found a similar increase in 
globulin m animals injected with vaiious proteins, gelatin and killed 
bacteria The usual decrease in the albumin may be partially the result 
of the body’s attempt to reduce the osmotic pressure of the blood 
Additional factors evidently are involved, otherwise the albumin would 
decrease more than has been observed m order to equalize the increase 
in the osmotic pressuie caused by the increase in globulin The per- 
centage increase in globulin is about six times the percentage decrease 
in albumin, although the globulin molecule is approximately only twice 
the molecular weight of the albumin molecule 

The fluctuation in the total protein content cannot be ascribed alone 
to changes m the water content of the blood and tissues, since the 
changes in the individual fractions aie not simultaneous The usual 
sequence is an increase in fibrinogen, later an increase in globulin, 
followed by a decrease in albumin These changes represent true alter- 
ations in the protein content and are not the result of simple fluctua- 
tions in the water content, although any disturbance in the watei 
balance must have its effect on the concentration of the constituents 
of the. blood 

SUMMARY 

Chemical studies in tulierculosis demonstrated the following facts 

1 The cell volume is usually below noimal, especially in active 
cases with much emaciation 

2 The size of the erythrocyte is decreased 

3 The cholesterol content of the blood may be increased oi 
decreased 

4 A rising or stationary hypercholesterolemia indicates resistance 
and immunity, while a falling hypercholesterolemia or a hypocholes- 
terol^ma represents a lowering m resistance and immunity 

Fibrinogen — is increased in proportion to the amount of tissue 
undergoing destiuction 

6 The globulin values are definitely increased, associated with a 
smaller percentage decrease in the albumin 

7 The total serum proteins are noimal or hypernormal, the increase 
being due to the high fraction of globulin 


8 Moll Beitr z Chem Phys u Path 4 563, 1903 



POSTURAL TREATMENT OF LUNG 
SUPPURATION 


A NEW POSTURAL FRAME, THE JACK-KNIFE POSITION AND 
ABDOMINO-DIAPHRAGMATIC PULMONARY COMPRESSION, 

WITH A REVIEW OF THE LITERATURE 

M JOSEPH MANDELBAUM, MD 

NEW YORK 

Postuial tieatinent, though recognized as decidedly valuable in pul- 
monaiy suppurative conditions, has not received the attention it deserves 
Considering its impoitance, it is surprising that not only clinicians, but 
also bronchoscopists and thoiacic surgeons have not taken advantage of 
and put into more general use a piocedure having merited value 

Considering the possession of the knowledge by primitive peoples of 
the value of the use of the upside-down position foi emptying the lungs 
of inspired water in cases of drowning, as well as the more modern 
methods of Marshall Hall, Sylvester, Howard and Schaefer, it is surpris- 
ing that the scientific and practical value of posture for evacuating 
puiulent accumulations in the lungs was not commonly recognized until 
about twenty-five years ago It is difficult to understand that it was 
not until the decade just passed that the principle of postural drainage 
for lung suppuration began to find advocates and the knowledge of its 
value became popularized 

REVIEW OF LITERATURE 

A seaich of the literature leveals a stiikingly small number of 
ai tides on this subject Only a few of these are devoted exclusively to 
the description, consideiation and advocacy of postural methods, several 
authors cite cases m which patients were cured by this means, while 
others simply quote case reports ivith results obtained, or casually men- 
tion the value of posture as an additional aid m the treatment of patients 
with suppuiative conditions of the lungs With few exceptions, text- 
books are silent on this mode of treatment, some merely mention it in 
passing and do not give a description of the method or the mannei of 
application 

That pulmonary suppuration was not unknown in antiquity is evi- 
denced by mention by Hedblom ^ of the teaching of that wise old master- 
physician, Hippocrates (quoted by Koch), who demonstrated that a 
pulmonary abscess that had burst into the pleural cavity could be healed 

' From the Bronchoscopic Division, Hospital for Joint Diseases 

1 Hedbloom, C A Pulmonary Suppuration, M Rec 96 442 (Sept 13) 

1919 
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by draining the latter It was Laennec," howevei, who fiist placed 
pulmonai}'’ disease on a reliable basis, and who differentiated bronchiec- 
tasis (first noted by his assistant Cayol m 1808), pneumothorax, hemoi- 
ihagic pleurisy, gangiene and empltysema of the lungs, esophagitis and 
chronic diffuse interstitial hepatitis 

In 1898, von Quincke (according to Schaefei Q was the first to 
treat patients who had bi onchiectasis by using the oblique position, and 
to him, appaiently, belongs the credit of first placing the treatment for 
pulmonaiy suppurative conditions by postural methods on a scientific 
basis 

A cuie of abscess of the lung by postural treatment was leported in 
1912 b} McKechnie^ He repoited the case of a boy, aged 14 The 
diagnosis was abscess of the liver, with perfoiation of the diaphragm 
and pleuia and secondary abscess at the base of the lung If this condi- 
tion were present, there was little hope that the cavities could be healed 
under oidmaiy ciicumstances The boy was suspended over the edge 
of a table, head downwaid, the whole body hanging veitically upside 
down, the legs and thighs lying on the table at right angles to the body 
and thus suppoiting him In this position he was made to cough and to 
squeeze the chest until no more pus came out The process was repeated 
five or six t>mes daily, and b) this means the abscess cavity was com- 
pletely emptied Pi ogress was lemarkable, in six weeks the boy was 
cured without operation of a condition which had lasted five years, and 
which had baffled other modes of treatment McKechnie advocated the 
use of this method before recourse is made to surgery 

In 1913, Garre and von Quincke ° stated that in the case of cavities in 
the lower lobe, expectoration is furthered most effectually by the patient’s 
lying flat or with the shoulders at a lower level (seveial times a da)"- 
fiom one to three horns, the morning houis are the best — from 5 to 9 
or from 6 to 9 — and in the evening from 5 to 7) , in other cases tests 
must be made to find the most suitable position 

In 1915, Lord stated that the effect of posture should invariably be 
given a thoi ough trial Evacuation may be favored if the patient lowers 
his head over the edge of the bed during a paroxysm of coughing At 
stated intervals for a certain period the patient should he with the 
affected side uppermost for the puipose of draining the pus into the 

2 Laennec Garrison’s History of Medicine, 1921 

3 Schaefer, H Postural Treatment of Bronchial Disease, Klin Wchnschr 
2 252 (Feb 5) 1923, J A M A 80 1493 (May 19) 1923 

4 McKechnie, W E Abscess of the Lung and Liver Simple Cure of 
a Chronic Case by the Upside-Do\\n Position, Lancet 1 865 (March 30) 1912 

5 Garre and von Quincke Treatment of Pulmonary Suppurations Trans- 
lated by D M Barcroft, Ed 2, New York, William Wood & Company, 1913 

P Taylor Empyema and Pulmonary Abscess, Boston M 

& S 1 173 798, 1915 
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tiachea Elevation of the foot of the bed foi a time night and nioin- 
ing, with the patient lying at full length on the back oi abdomen, and 
without a pillow, should be tried 

Dejong,^ in 1918, reported a case of bronchiectasis of several 
months’ standing The cough was distressing and the sputum was 
extremely malodorous, but no tubercle bacilli were found One lung 
seemed normal, but the tempeiature remained subfebrile The man was 
in the hospital for nearl}^ four months, he steadily giew weakei, and 
there seemed to be no hope that an operation could be performed Then 
dejong raised the foot of the bed 40 cm, and administeied potassium 
iodide freely At first this slanting position was maintained only one 
hour in each foui, but the benefit was so prompt and so marked that the 
man begged to have the bed kept slanting all the time The expectora- 
tion diminished, the cough subsided and in seven weeks the man left 
foi his farm, his health completely restored One young girl given 
similar treatment was in robust health several years later The iodide 
and copious drinking diluted the sputum, and the sloping position 
ensured its expulsion The position treatment should be given a trial 
first Zaaijer (quoted by dejong) has leported a case in which a young 
woman with bronchiectasis happened incidentally to discover the relief 
from lying with the shoulders low, and she spontaneously assumed this 
position every morning 

In 1919, Hedblom,^ in an article to which is appended a complete 
bibliography on lung suppuiation, mentioned that patients often discoiei 
that certain positions favor expectoration and unconsciously make use 
of gravity to help empty the cavity That spontaneous cuies occur in 
this manner is to be expected He also stated that i^atients have been 
cured even of abscesses perforating from the livei by piomotmg gravity 
diainage (quoting McKechnie’s ^ case) Recently, von Deeston ® 
reported a similar case in which a perinephntic abscess ruptured into a 
bionchus Patients with acute cases of a mild type may be treated 
expectantly for a few weeks in the hope that diainage through a 
bronchus may effect a cure The mortality following expectant treat- 
ment at fiist was high 

Wesslei ® also, in 1919, while lecognizing the value of postuial drain- 
age, did not believe it exerted a cuiative effect At that time, he wrote 
that “the medical treatment for suppuiative disease of the lung offers 
little that IS encouraging ” He believed that constant violent coughing. 

7 Dejong, H Treatment of Bronchiestasia, Nederl Tijdschr v Geneesk 
I 495 (Feb 16) 1918, abstr, J A M A 70 1343 (May 4) 1918 

8 Von Deesten, H T Recumbent Posture Cough with Purulent Expec- 
toration, J A M A 88 98 (Jan 8) 1927 

9 Wessler, Harry Suppuration of the Lung A Study of 100 Cases, 
J A M A 73 1818 (Dec 27) 1919 
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by projecting the infectious mateiial faither down into the smallei 
bronchi, undoubtedly disseminated the disease, and promoted the forma- 
tion of bronchiectasis He also said, however, that periodic upsetting of 
the patients will facilitate drainage, and iriigation of the bronchi through 
the bronchoscope accomplishes the same purpose He thought, however, 
that this procedure cannot cure these patients, as it does not have any 
effect on the pulmonary infiltration (This contention, however, has 
recently been disproved by repeated physical examinations and roent- 
genograms of many patients treated by postural means ovei a long 
period ) 

Of course, there are many chronic cases of long duiation in which 
extensive fibiosis and othei infiltrative changes have taken place that 
neither postural nor any other form of treatment will influence The 
early institution of postural treatment plus all other properly selected 
and applied means will pi event the formation and aid lesolution of 
consideiable peribronchial infiltration and early fibrosis 

In 1920, Lehmann advocated the use of the postural method, 
stating that the suspension method aided by procuring better drainage 
In 1922, Carmody advocated rest in bed for patients suffering from 
pulmonary suppuration with the foot of the bed elevated for postural 
treatment 

In 1922, Giaham and Singer advocated postural drainage as a 
method that often relieves a great many of the distressing symptoms by 
allowing large quantities of discharge at one time This, of course, 
leaves the patient free from symptoms for hours at a time, and occasion- 
ally is sufficient to cause symptomatic cure It was their impression that 
at best it IS only a palliative method 

In 1923, Lukens, Moore and Funk in an article on bronchoscopic 
treatment of lung suppuration, stated that in addition to bronchoscopic 
drainage, the best possible natural drainage can be secured by having 
the patient sleep on the "well” side and assume this position as much as 
possible during the day 

Schaefei again reported the use of postural treatment in bronchial 
disease during the previous year He used von Quincke’s method m 
eleven cases, those of seven men and four women, with the most satisfac- 
tory results 


10 Lehmann, J E Lung Abscess, Canad M A J 10 1090 (Dec ) 1920 

11 Carmody Suppurative Conditions of Lung, New York M T 15 742 
(June 21) 1922 

T ^ ^ Treatments of Bronchiectasis, 

J Missouri M A 19 390 (Sept ) 1922 

13 Lukens, R M , Moore, W F , and Funk, E H Bronchioscopic Drain- 

1923°^ Absceses and Bronchiectasis, M Clin N Amer 6 1015 (Jan ) 

14 Schaefer, H Presse med 3 109 (Feb 3) 1923 
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Whittemoie also prefers to give each patient a chance to cure 
himself by postuial diainage and by building up his general condition 
before opeiation is advised 

In 1924, Lambeit and Miller^® advocated postural treatment for 
abscess of the lung Their method consists of rest and postural drain- 
age, the latter earned out four or five times daily for periods varying 
fiom five to twenty minutes each Postural diamage is carried out by 
the patient hanging over the side of the bed with the head to the floor 
This position is maintained from three to five minutes at first, as the 
patient becomes accustomed to it, the time is increased to as long as may 
be necessaiy to empty the abscess cavity thoroughly, usually from ten to 
fifteen minutes for each drainage By this method it is possible to 
increase materially the numbei of cures by spontaneous drainage through 
a bronchus Medical tieatment for fiom thiee to four weeks can usually 
be safely employed to determine the necessity for operation 

In 1924, Moore, aftei outlining the technic of bi onchoscopic tieat- 
ment for suppurative disease of the lungs said “These patients are 
carefully instructed to aid, by postuie, the diamage of the affected area ” 
In 1924, Weinbeiger reported a remarkable improvement in the 
condition of a girl with bronchiectasis An aitificial pneumothorax 
made the situation worse The successful outcome is attributed to 
von Quincke’s slanting position used gradually foi se\eral hours daily 
In the same yeai, Mackey^** repoited complete lecovery by postural 
drainage of a laige abscess of the lung without suigical inteivention 
In 1924, Dorendoif"® observed spontaneous recovery in nineteen 
of his thiity-one cases of abscess of the lungs after influenza, nine 
patients, foui of whom died, required an opeiation Thiee of the othei 
cases ended fatally He attributes his nineteen cures to simple treat- 
ment von Quincke’s advice of a posture which facilitates eiacuation 
of the pus, and restiiction of fluid intake 

In 1926, Castlen advocated the early institution of postuial drain- 
age foi abscess of the lung by elevation of the foot of the bed or hips, 
01 by the use of a special table, befoie lesorting to more radical mea- 
sui es 


15 Whittemore Treatment of Non-tuberculous Pulmonary Abscess, Boston 
M & S J 188 477 (April 5) 1923 

16 Lambert, Adrian, V S , and Miller, James Alexander Abscess of Lung, 
Arch Surg 8 446 (Jan ) 1924 

17 Moore, W Frederick The Bronchoscopic Treatment of Suppurative 
Disease of the Lungs, J A M A 82 1036 (March 29) 1924 

18 Weinberger, R Bronchiectasis, Wien klin Wchnschr 37 1067 (Oct 9) 
1924 

19 Macke} International Medical & Surgical Survey (Med 1066 Nor ) 
1924 

20 Dorendorf, H Influenza and Lung Abscess, Med Klin 20 1233 
(Sept 7) 1924 

21 Castlen, C R Piilmonarv Abscess, Northuest Med 25 294 (June) 1926 
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In a recent article, Lambeit stated that “the ciux of the successful 
treatment of lung abscess may be summed up by the one word 'drainage, 
and 111 the management of any given case the problem is to effect 
adequate diamage ” He also emphasized that 50 per cent of all patients 
lecovered completely under the more conservative forms of treatment 
without opeiation 

Miller,”^ while speaking of abscess of the lung said 

The primary and basic treatment is absolute bed rest combined with postural 
drainage This combination of rest and postural drainage constitutes, 

therefore, our basic method of treatment, to be first used in practically all 
cases, and the result obtained affords a point of approach to the consideration 
of additional methods which may be necessary In our experience about twenty 
per cent of all cases are cured by these methods alone 

His description of the use of postural di ainage is one of the best writ- 
ten thus far and should be lead in the entirety by those interested m 
this method of treatment 

Since 1924, however, most of the writers previously quoted in subse- 
quent articles and many surgeons who specialize m operations on the 
lungs mention the efficacy of postural treatment in pulmonary suppura- 
tive conditions, and advocate its trial preliminary to operative mtei- 
veiition 

This completes a rather careful survey of the literature No doubt 
many cases m which the patients were cured by postuial drainage have 
not been reported, and many more patients whose cases were unrecog- 
nized have been cured by spontaneous evacuation, postural or otherwise 
Thus I believe sufficient evidence of the value of postural drainage in 
pulmonaiy suppuiation has been adduced by reliable woikers in this 
field 

METHODS AND APPARATUS USED IN TREATMENT 

It has frequently been noted that patients suffeung from conditions 
of this kind accidently discover that ceitam positions materially aid in 
ridding them of excessive accumulations of bronchial pus 

A prime requisite for gravitational relief is a nonobstructed outlet 
from the legion of the abscess, hence it is obvious that the theoi etically 
ideal position foi postural drainage would be a suspension of the patient 
by the heels with the head hanging down and with the body hanging in a 
stiaight line with the feet uppermost — standing on one’s head, so to 
speak The impracticability of such a postuie precludes the use of this 
method 

Up to the present time, the von Quincke position has been considered 
the best possible means of postuial drainage applicable to the avei- 
age case 

22 Lambert, Adrian V S Pulmonary Abscess and the Treatment from 
the Surgical Standpoint, New York State J Med 27 47 (Jan 15) 1927 

23 Miller, James Alexander Medical Aspects of Abscess of the Lun<^ New 
York State J Med 27 43 (Jan 15) 1927 
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The method of having the patient he flat on the abdomen with his 
chest o'vei the edge of the bed and his head hanging low, at best selves 
as a makeshift, the pressure of the body against the bed precluding free 
lesiDiration by ci eating obstructive pressuie against the sternum and 
libs as well as preventing fiee play of the intei costal, diaphi agmatic and 
abdominal muscles 

The Jack-Knife Position — ^An intensive study of the mveited body 
position in Older to deteimine what posture would allow a low hanging 
head and at the same time a fiee play of the lespnatoiy muscles led to 
the adoption of what I have called the “jack-knife position,” so-called 
because of its resemblance to a half-closed pocket knife In order to 
peimit an easy assumption of this posture and a piolonged period of 
suspension wuth the head low% it was found that having the patient hang- 
ing on a band acioss the groins, the body flexed foiward on the thighs, 
and the head at the most dependent position, approached the ideal, as 
thus the chest and abdominal muscles are free fiom pressure and an 
“inverted bronchial tree” is cieated, the ideal position for drainage 

Postural Fianie for Body Suspension — To peimit the patient to 
assume and maintain this position easily and safel} , I had a body suspen- 
sion flame constiucted (fig 1) It consists of two U-shaped bent-pipe 
flames held together at their uppeimost fiee ends by hinge-joints 
Stretched hoiizontally between the upper joined ends of the frames is 
a stout chain coveied wuth padded leather, acioss ivhich one may fiang 
at the groins with comfort To prevent the side membeis from spread- 
ing from the weight of the bod), a side bai is hooked fiom one side to 
the other 

Desci iptwn of Use of Appaiatus — On the flooi directly under the 
patient's head a basin is placed to receive the expectoiated secretions 
The patient is instiucted to assume the jack-knife position immediately 
on arising in the morning and before retiring at night He remains 
in the suspended position for from fifteen to twenty minutes at each 
seance, hanging with head suspended for three minutes and standing 
upright for one minute, to relieve him from dizziness oi other unpleasant 
sensations that might arise from the blood rushing to his head or from 
the unaccustomed position 

During the first few days it is best to have him remain suspended 
wuth the head low for one minute periods, with twm minute inteivals of 
the upright position Patients quicklj become used to the posture, and 
the relief afforded makes them cooperate readily 

If wdien the patient assumes this position the secietions are not 
readily coughed out, he is instructed to cough a few times This 
usually suffices to stimulate the cough i eflex, and the i etained secretions 
are ejected 



847 


MAKDELBA b M—LUNG S UPP URA T I ON 

AbdoimnodiapJu agmatic Pidmomty Compicssion — Of additional 
value in aiding the patient to einpt)' the purulent secretions, and possible 
only in the jack-knife position, is “abdominodiaphragniatic pulmonary 
compression ’ This is accomplished as follows x\ftei the patient has 
evacuated as much secretion as possible by coughing, and while he is 
still in the suspended position (fig 4), the physician stands behind the 
patient and (fig 2) places his hands on the back of the patient s thighs 
iieai the popliteal legions, and a nuise, who stands in front of the 
patient, takes hold of his shouldeis The patient’s body is then brought 
up into a nearly horizontal position (stiaightened out, fig 2) He is 
then told to take a slow deep inspiration and to hold his breath, then 
the physician and attendent simultaneously push toward each other, 
bringing the patient’s knees toward his chin and flexing the body as one 
uould close a pocket knife (fig 3) , this is done in a firm quick manner 
The muscles of tlie patient’s abdomen become fixed, as does the 
diaphiagm, and the foiced flexion of the inflated chest on the thighs 
causes the diaphiagm to pi ess upward against the distended lungs, and 
whatever residual secietion lemains in the lungs is leadil)’- expelled 
This proceduie is repeated once oi twice during the fiist few tieatments, 
and as the patient becomes accustomed to it, it may be repeated from 
six to eight times at each seance In no other way can the lungs be so 
completel) and efficiently emptied of retained purulent secretion 

CONCLUSION 

As uith abscesses in other legions the piognosis of abscess of lung 
depends mainly on the fieedom with whicli the puiulent accumulation 
can evacuate itself The less often and the less complete the evacuation 
of pus, the longer the duration of the disease process and the less chance 
foi a complete recoveiy either b}'- natural (nonsurgical) means oi by 
induced methods (suigical inten^ention) 

The marvelous recuperative piopeities of the bronchopulmonai} 
mucosa, as well as the healing powers of the pulmonary tissues them- 
selves. aie known to all When the load is taken off the ovei whelmed 
mucosal cilia, if they have not been completely destioyed, and when 
meclianical obstiuctions such as granulations and cicatrices, do not 
mechanically constrict the bionchial canals, resolution takes place with 
astonishing lapidity Should aiij of the latter complications be present, 
they should lecene the proper bronchoscopic attention 

The fiequent dramatic cures of abscess of the lung following spon- 
taneous evacuation by way of the noimal air passages are familiar to all 
clinicians These desiiable results are not limited to solitary abscess of 
the lung, but aie obtained also in cases of multiple bronchiectatic 
abscesses The peicentage of spontaneous cuies of solitary pulmonaiy 
accumulation of pus is considerably greater than the multiple or 
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Fig 1 — Postural body suspension frame for jack-knife position A indicates 
the metal step, B, the padded leather-covered chain and C, the metal side bars 

Fig 2 — The patient in extended position Note inflated chest and position 
of attendants’ grasp The patient’s body is carried upward in direction indicated 
by airows 

Fig 3 — The patient in flexed (jack-knife) position After the body is brought 
into the position shown n figure 2, is told to take a deep breath and to hold it 
The body is then suddenly and somewhat forcibly flexed into the position indi- 
cated by the direction of arrows 

Fig 4 — ^The patient exercising without attendants Note the position of the 
limbs The patient brings thighs and legs downw^ard flexing same on body With 
the chest inflated with air, the mouth open, and holding the breath, the jack- 
knife position is assumed m a rather forcible manner The sudden pressure of the 
diaphragm in the act of expiration forcibly exerts a sudden expulsive force by 
compressing the lungs and with the patient in the inverted posture, permits 
evacuation of a greater amount of bronchial secretion than any other postural 
means 
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bionchiectatic foim The earlier the diagnosis is made and the sooner 
pi Opel- theiapeutic measmes aie undertaken, the gi eater the possibility 
of an earlier and nonsmgical cure In a considerable propoition of cases 
the condition resists every form of nonsurgical treatment, and despite 
medicinal, dietetic (lestriction of fluids), vaccinal, climatic, broncho- 
scopic (ii ligation and suction) and endoscopic tieatinent (topical appli- 
cation 01 injection of the vaiious medicaments used in these cases) and 
the early institution of postural ti eatment, the patients gradually become 
worse, and unless radical and at times even heioic measures are 
instituted, a fatal termination ensues Patients with pulmonary suppura- 
tive conditions cannot be treated by “rule of thumb” methods Each 
case must be individualized, and the patient treated according to its 
peculiai type 

I wish to emphasize the impoitance of the eaily recognition and 
collect diagnosis of pulmonaiy suppuration It is astonishing how many 
cases are uniecognized even in well conducted clinics until the simplei 
methods of ti eatment aie of no value 

The curative value of postuial ti eatment for pulmonaiy suppurative 
conditions depends on its early institution In general, it might be stated 
that the earhei postural tieatinent is instituted, the greater is the chance 
for nonsuigical cuie, howevei, I do not wish to have it undei stood that 
I contend that postuial treatment alone will accomplish a large percentage 
of cuies True, a small number of cuies will occur by spontaneous 
evacuation thiough the noimal air passages and a laiger number by 
spontaneous evacuation plus postural treatment, just so, postuial treat- 
ment plus all the other aids pioperly selected and properly applied at 
proper times will permit a still gi eater peicentage of cuies The patient 
who does not obtain some relief by postural treatment is exceptional 

I believe that bionchoscopic study and the various bionchoscopic 
tieatmeiits take first lank among the nonsurgical means thus far devised 
for the expectant treatment of suppuration of the lung Reference here 
IS made, of couise, to those cases in which the patient is not moribund, 
or which are not strictly surgical cases There aie, however, many 
so-called borderline cases which, though serious, occasionally escape the 
more ladical thoracoplastic suigical piocedures by postuial and broncho- 
scopic ti eatment 

Postuial Ti eatment and Bronchoscoptc Irngation — Postuial treat- 
ment may be used without bronchoscopic iirigation, or if one favors the 
lattei piocedure for tieatinent m ceitain cases of pulmonary suppuration, 
it IS of special value If postuial treatment is used before the 
bronchoscope is introduced, a considerable amount of the purulent 
material will be ejected, as a result, a smaller amount of iiiigating fluid 
may be used, and it almost immediately comes in contact with the 
mucosa of the soiled but patent bronchi 
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Again, postuial treatment ma)'- be used to advantage after broncho- 
scopic inigation Following bronchoscopic iirigation and suction treat- 
ment for pulmonary suppuration, considerable free fluid lemains in the 
bionchi, as is shown by the coughing and expectoiation of vaiying 
amounts of an admixtme of iirigating fluid, mucus, pus and often blood 
directly after such treatment The utilization of the postural method 
immediately after the iirigation, and particularly the “jack-knife posi- 
tion,” will enable the patient to free himself moie easily and more 
completely fiom such residual fluids than would otherwise be possible 

Postural Drainage m Roentgen-Ray Study of Bronchiectasis — 
Recently Singei and Giaham^* advised that postuial drainage be 
instituted in bionchiectatic cases after the fiist i oentgenogram is taken 
They stated that subsequent loentgenogiams will give infoimation con- 
cerning the relative size of the bronchiectatic ai ea 

Postural treatment, like many other means advocated for the relief 
or cure of certain conditions, because of impioper use or impropei 
insti uction in its use is condemned as of little or no value For the best 
lesults, the postural tieatment for diainage of pulmonaiy suppuration 
must be applied according to the special requirements of the case The 
same manner of application, frequency and length of tieatment will not 
do for every case 

Many patients discover certain positions, movements and exeicises 
while in the jack-knife position that enable them to empty then 
bronchial tree more easily than by those desciibed They should be 
permitted to utilize these exercises when not too strenuous or injuiious, 
in preference to the routine measures If assistance is not available at 
home, the patient can be taught to practice the proceduie alone Daily 
exercises are a sine qua non for the best possible lesults fiom postuial 
treatment, these should be taken morning and night when possible, if 
once a day only, experiment will teach the patient the best hour My 
patients are encouraged to purchase the apparatus for home use when 
their means permit Members of their families can easily be taught to 
apply the abdominodiaphragmatic pulmonary compression method 

Respiratory gymnastics in the tieatment of pulmonary suppuration 
IS gradually assuming the important position in our aimamentaria that it 
deserves Arguments against it because of danger of inducing extension 
of the disease by auto-infection by inspiration of infective material fails 
to hold ground m the light of recent investigations The extension of 
“draining” or “drainable” abscess of the lung, simple or bronchiectatic, is 
hmitable to the primarily affected areas, once drainage is established 
either by postuial or by surgical means 

24 Singer, J J, and Graham, E A Roentgen-Ra 3 ' Study of Bronchi- 
ectasis, Am j Roentgenol 15 54 (Jan ) 1926 
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Ephednne is an alkaloid that was isolated from the plant Ephedia 
mdgai'is by Nagai in 1887 and rediscovered by Chen in 1923 Decoc- 
tions of Ephedia vidgaus have been used in China foi five thousand 
yeais for diaphoretic and antipyretic purposes and as a sedative in 
cough At the time of the original discovery of the alkaloid, the atten- 
tion of the investigatois was focused mainly on its m}driatic piopeities 
To Chen ^ belongs the honor of working out the complete pharmacology 
of ephednne, which was found to be a sympathomimetic diug closely 
allied in its chemical constitution and physiologic action to epinephrine 
Chemically, ephednne differs fiom epinephime m that it does not con- 
tain a phenolic hydroxyl group, but has an extia methyl radical which 
accounts for its more persistent effects and gieatei stability, peimittmg 
oral admmistiation of the diug and sterilization of its solutions by 
boiling The ph3siologic effects of ephednne are similar to sympathetic 
stimulation and consist in a rise in blood pressui e due to cai diac stimula- 
tion and vascoconstiiction, inhibition of intestinal movement, lelaxation 
of bronchial musculature and stimulation of the uteime musculatuie 
When applied locally, ephednne causes mydriasis without changes in 
accommodation, and lapid shimkage of the nasal mucosa Experiments 
on animals have pioved it to be of low toxicity, and continued use has 
shown that injury to any organ or toleiance to the drug has not 
developed 

For details of the chemistry and phaimacology of ephednne, the 
leader is refeiied to the original ai tides by Chen,^ and by Chen and 
Schmidt ” 

From the Department of Medicine, University of California Medical School 

' Read before the Annual Meeting of the California State Medical Association 
in Los Angeles, April 25, 1927 

1 Chen, K K A Pharmacognostic and Chemical Study of Ma Huang, 
J Am Pharm A 14 189, 1924, The Effect of Ephednne on Experimental Shock 
and Hemorrhage, Proc Soc Exper Biol & Med 22 203, 1924, The Effect of 
Repeated Administration of Ephednne, ibid 22 568, 1925 , The Acute Toxicity of 
Ephednne, ibid 22 404, 1925 , A Comparative Study of Ephednne, Tyramine and 
Epinephrine, J Pharmacol & Exper Therap 28 59, 1926 

2 Chen, K K , and Schmidt, C F The Action of Ephednne The Active 
Principle of the Chinese Drug Ma Huang, J Pharmacol & Exper Therap 24* 
339, 1924, The Action and Clinical Use of Ephednne, JAMA 87 836 
(Sept 11) 1926 
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The ephediine, in the form of its crystalline hydrochloiide, used in 
oui study was obtained from Dr B E Read at the Peking Union 
Medical College by Di W J Ken, and at his instigation tried out at 
the University of Calif oinia alleigy clinic and m certain cases in the 
wards of the Univeisity Hospital Its clinical effects were studied in 
the following conditions chronid vasculai hypotension, shock, bionchia’ 
asthma, hay-fevei, toxic eiythema, uiticaiia and angioneuiotic edema 

HYPOTENSION 

Chiomc Vasculai Hypotension — ^The use of ephedrine m hypoten- 
sion naturally suggested itself as soon as it was learned fiom animal 



Chart 1 — Curves showing blood pressure of patient number 39 (weight 147 
pounds) after the administration of 25 and 50 mg of ephedrine by mouth The 
solid line indicates the blood pressure after the administration of 25 mg of 
ephedrine , the broken line, after 50 mg The arrow indicates when ephedrine 
was given 

experiments that this diug is capable of pioducing a sustained use in 
blood pressure extending ov er a period of at least several hours 

Ephedrine was given to nine patients who had chronic vasculai 
hypotension with a consistent systolic blood piessure of between 93 and 
lOS Eight of these patients weie men, and one was a woman All 
but till ee w^ere hospital cases In most cases the di ug was given in doses 
of 50 mg , three times a day, by mouth In all cases a use in the systolic 
pressure amounting to betw^een 9 and 46 mm wms obseived in from 
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five minutes to an houi, and the blood pressuie remained abo\e the 
initial level foi four houis oi moie The diastolic pressure was incon- 
stant, but showed some rise in most cases The variations of the diastolic 
pressure were betveen — 10 mm and -j- 10 mm Chaits 1 and 2 
lepresent blood piessuie curves in three patients with h 3 ’-potension 
following the administi atioii of ephedrine 

For comparison vith the blood pressuie cur^es of patients with 
^asculal h)potension, the effects of ephedrine on noimal blood piessuies 



Cliart 2 — Curves sliowiiig blood pressure of patient number 44 (weight 124 
pounds) and 45 (weight 143 pounds) after the administration of 100 mg of 
ephedrine bj mouth The solid line indicates the systolic blood pressure, the 
broken line, the diastolic The arrow indicates when ephedrine was gnen 

vere studied The results as lecorded in chait 3 shotv that these do not 
differ in any way from those in average cases of h3potension It wmuld 
appear that the amount of increase m the S 3 Stohc blood pressure from 
ephediine is independent of the w^eight of the patient, as suggested b) 
the fact that a dose of 50 mg of ephediine has iiici eased the blood 
pressure by 9 and 44 mm in two patients weighing 95 pounds (43 1 Kg ) 
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and 148 pounds (67 1 Kg ), respectn^ely, but that the same dose will 
produce the same increase m blood pressure on difteient days in the same 
person, and that the action of the diug is, within certain limits, roughly 
quantitative foi the same patient This can he seen fiom the fact that 
in case 39, the administiation of 25 mg of ephediine inci eased the 
systolic blood pressuie by 18 mm , while 50 mg of ephediine increased 
It by 46 mm , and in case 43 the increase after the administration of 
50 mg was 10 mm , while aftei 75 mg it was 17 and 18 min on two 
different days (chaits 2 and 3) In cases 44 and 45, 50 mg of ephedrine 
laised the systolic blood piesstire 14 and 15 mm, and 100 mg of the 
drug increased it 32 and 41 mm , lespectively 



Chart 3 — Curves showing blood pressure of patient number 43 (weight 179 
pounds) on successive days after the administration of 50, 75 and 75 mg of 
ephedrine by mouth The solid line indicates the blood pressure after the 
administration of 50 mg of ephedrine, the regularly broken line, after 75 mg, 
and the irregularly broken line, after 75 mg of ephedrine The arrow indicates 
when ephedrine was given 

In seven patients with chronic hypotension to whom ephediine was 
gnen regularly for from eight to thiity-seien days with an average of 
twent}- days, the blood pressure was raised at all times of the day duiing 
the period of administration of ephedrine The smallest increase in the 
average blood pressure was 4 mm systolic and 2 mm diastolic, and the 
greatest was 24 mm systolic and 9 mm diastolic with an average of 
14 3 S3^stolic and 5 3 diastolic for all cases Details of the individual 
cases will be found m table 1 In none of these cases were theie any 
objective signs of improvement besides elevation in blood pressure As 
far as the subjective s>mptoms were concerned, three of the patients 
felt stronger, while four did not notice any change 
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In the way of undesired effects, one patient had insomnia and anothei 
had marked palpitation for several hours aftei the administration of a 
single dose of ephedrine 

On the whole, from our limited experience m the treatment of 
patients with chronic vasculai hypotension with ephediine, the con- 
clusion can be drawn that the blood pressuie level can be raised m 
these cases, and that about half of the patients feel subjectively stronger 
while taking the diug Millei,® and Rowntree and Brown have 

Tahlc 1 — Blood Piesswe of Pahents with Hypotension Dnting 

Ephcdnne Theiapy 


Time of Avenge Blood 

Observation Pressure 

During , ^ > 

Adminis- Before Admm- After Admin- Average Increase 
tratfon Istration of istration of in Blood 

Dose of of Eplie- Ephcdrino Ephedrine Pressure 

Ephe- drine In , — * , , * , , * , Symptomatic 

Case drino Days Systolic Diastolic Systolic Diastolic Systolic Diastolic Effects 


39 25 mg 

mam 

19 

99 

CO 

111 

fO 50 rag 
three times 
a day 

21 

93 

GO 

113 

41 50 mg 

three times 
a day 

22 

90 

10 

107 

42 60 mg 

three times 
a day 

10 

95 

53 

112 

5* 50 mg 

four times 
a day 

37 

90 

CO 

no 

20* 60 mg 

three times 
a day 

8 

108 

GO 

132 

20* 60 mg 

21 

lOS 

05 

112 


three times 
a day 


CS 

15 

8 

Patient felt 
stronger and 
warmer while on 
ephedrine 

63 

15 

S 

Patient was 
stronger, and 
felt warmth in 
feet which were 
usually cold, 

some insomnia 

C7 

11 

—3 

Patient felt bet 
ter in general 

50 

17 

3 

None 

70 

11 

10 

None 

C9 

24 

9 

None 

07 

4 

2 

None 


* Patient also had asthma 


reported a maximum rise of from 10 to 50 mm m the systolic blood 
pressure and similar symptomatic results with ephedrine theiapy m 
their cases of hypotension 

Acute Hypotension of Shock —Chen^ was the hist to try ephedime 
m experimentally produced shock and hemorrhage m animals As a 
lesult of these expeiiments, he indicated in an eaily article the possibility 


3 ]\tiner, T G Ephedrine Its Use in the Treatment of Vascular Hypo- 
tension and Bronchial Asthma, Ann Clin Med 4 713, 1926 

4 Rowntree, L G, and Brown, G E Ephedrine Therapy m Addisons 
Disease, Endocrinology 10 301, 1926 

5 Chen (footnote 1, second reference) 
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of using It m similai conditions in man, and pointed out that theoi etically 
ephedrine therapy can be successful only if hemorrhage is not excessive 
and when the patient is seen early He also mentions the possibility oi 
using the diug as a prophylactic agent before protracted operations 

We had the opportunity to use ephediine in such conditions twice 
In the first case, in which shock followed a postoperative hemorrhage in 
a man 80 5 feais of age in whom the blood pressure had dropped from 
185 systolic and 95 diastolic to 70 systolic and 30 diastolic, the patient 
was treated with 100 mg of ephedrine, three times a day, by mouth 
The patient improved lapidly, and his blood pressure was up to its 
previous level two days after the administration of ephedrine was started 
However, it is impossible to draw definite conclusions from this case, 
since with ephedrine the patient received a transfusion of blood and Avas 
given caffeine 

In the second case, one of surgical shock in a man, aged 58, in whom 
the blood pressure decreased from 110 systohc and 78 drastolrc to 
65 systolic and 0 diastolic, the patient was treated rvith ephedrine after 
transfusion of blood and medication with caffeine had failed to improve 
his condition He received four doses of 100 mg of ephedrine at hourly 
intervals An hour after the first dose, a reading of the blood pressure 
could not be obtained An hour after the second and third doses the 
blood pressure was from 60 to 70 systolic and 0 diastolic An hour 
after the fourth dose, the blood pressure was again unobtainable, and a 
little later the patient died In this case ephedi me medication, used as a 
last resort, was probably begun too late to be of any benefit In the 
literature. Miller ^ and Chen and Schmidt® reported several cases of 
surgical shock in Avhich the patients Avere treated Avith ephedrine In 
most of these cases, ephedrine therapy did not give beneficial results 
even Avhen the drug was gnen intravenously In a later paper, Chen 
and Schmidt‘S expressed the opinron that ephedrine may be injurious 
to the heart, Avhich is impaired in shock through a deficient coronary 
circulation Rudolf and Graham® have reported good results from 
ephedrine medication in early cases of acute hypotension folloAving spinal 
anesthesia, and as a prophylactic before such anesthesra The evidence 
accumulated to date concerning the rvalue of ephedrine therapy in acute 
hypotension of shock forces one to conclude that its beneficial effect is 
doubtful, and that far^orable results can be expected only if it is given 
early or as a pi ophylactic 

6 Chen and Schmidt (footnote 2, first reference) 

7 Chen and Schmidt (footnote 2, second reference) 

8 Rudolf, R D, and Graham, J D Notes on Sulphate of Ephedrine, 
A.m J M Sc 173 399, 1927 
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ASTHMA AND HAY-FEVER 

On the strength of Chen’s demonstiation of the capacity of ephe- 
drine to pioduce relaxation of the bionchial musculatuie in expeiimental 
animals m which aitificial spasms of the bionchi weie induced by 
physostigmme, Millei ° gave the diug oially to several asthmatic patients 
in 1925 and obtained good lesiilts Following the publication of this 
woik, tieatment with ephediine was slaited m a senes of patients at the 
Umveisity of Calif oinia alleigy clinic, including thirty patients with 
bronchial asthma, thiee patients with hay-fever and nine patients with 
both bionchial asthma and hay-fevei, a total of foity-two cases Oui 
gioup of patients with hay-fever is small, owing to the fact that the 
piesent work with ephediine was done between the months of August 
and Maich when piactiCcdly all cases of hay-fever caused by pollen are 
quiescent Only patients m the active stage of the two conditions were 
selected foi ephediine medication, and no othei form of tieatment was 
used m conjunction with this diug 

Clinical data conceining the individual cases which weie deemed 
essential in the evaluation of the therapeutic lesults of ephediine in each 
case, namely, the age of the patient, duration of the condition, frequency 
and seventy of attacks, alleigic status and pievious tieatment aie sum- 
maiized in table 2, together with the dose and method of administration 
of ephediine, the symptomatic effects and the imdesiiable effects 

Asthma — In asthma, in addition to the foiegoing data, deteimina- 
tions of the vital capacity weie lepeatedly made on nineteen patients, 
both befoie and aftei ephediine theiapy The best vital capacity between 
attacks as compared to the theoretical noimal vital capacity calculated 
foi each patient accoidmg to Dieyei’s woik, “The Assessment of 
Physical Fitness,” seived to indicate the amount of peimanent functional 
iinpaiiment of the lungs caused by asthma, and thus fuinished an objec- 
tive ciiteiion concerning the severity of this condition in oui patients 
as a gioup The aveiage vital capacity of oui group was 81 per cent of 
the calculated normal Patients with cardiac diseases weie not included 
in this group A still moie useful application of ineasui ements of vital 
capacity was found m objectively judging the seventy of individual 
paioxysms of asthma and the degree of bionchial relaxation afforded by 
ephediine and epinephiine Finally, measui ements of vital capacity weie 
used as a check on the patient’s statement in i egai d to symptomatic i elief 
after the administration of ephedi me in an attack 

Ephedrme was given in doses of from 25 to 100 mg The frequency 
of administiation varied from one dose, as needed for paroxysms of 
asthma, to doses given four times a day As a rule, the patients weie 

9 Miller, T G A Consideration of the Clinical Value of Ephedrme Am 
J M Sc 170 157, 1925 
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accorded gieat fieedom in adjusting the dose and fiequency of admin- 
istiation In all but thiee patients, the drug was given orall} In thiee 
cases, ephediine was given h^podeimically duiing attacks of asthma foi 
purposes of compaiison, and in only one case was this method adopted 
as a loutine procedure foi severe attacks This was done because the 
patient was getting only paitial lelief when the diug was taken orally, 
while he obtained complete lelief with subcutaneous admimstiation, at 
the same time, the unpleasant effects of epmephiine weie obviated 
The theiapeutic effects of ephedrme weie classified m the table undei 
the headings of “complete relief," “marked to partial lelief" and “no 
relief" on a subjective-symptomatic basis, since our expeiience dealt with 
clinic patients m whom only occasional jiaioxysms of asthma weie 
observed by one of us We feel satisfied that the lepoits of “complete 
relief" by the patients are reliable, because ovei thiee fouiths of our 
patients who gave this i espouse had had pievious injections of epi- 
nephime for asthma and theiefoie presumably knew what “complete 
lelief" meant The othei two headings aie self-explanatoiy Of 
thiity-nme patients with bionchial asthma, twenty-one (oi 54 pei cent) 
obtained complete relief fiom their paroxysms when ephediine was taken 
aftei the onset of the paioxysm, and continued admimstiation of the 
drug usually greatly reduced the numbei of attacks oi pi evented them 
altogether Maiked to partial relief was obtained by fifteen (oi 38 per 
cent) of our patients When ephedrme was taken regulaily m this 
group, It often pi evented the paroxysms, although after onset an attack 
could not be controlled completely by it Thiee patients did not obtain 
benefit from ephediine medication 

On careful analysis of the clinical data m oui senes of cases of 
asthma, it was found that the age and sex of the patients, the duration 
of the condition, the frequency and severity of the attacks, the 
coexistence of hay-fever and the alleigic status did not play an impoitant 
idle in the degiee of success with ephedrme therapy 

The only factor that had some influence m this sense was the pi evious 
treatment lecei-ved by the patient for asthma, as most of the maiked 
untoward symptoms necessitating the withdiawal of ephediine m spite 
of the relief of asthmatic symptoms by the diug occuiied in patients in 
whom the admimstiation of epinephrine had been stopped immediately 
preceding ephedrme medication 

In table 3 we have compiled the lesults of ephediine theiapy in cases 
of asthma and hay-fever as leported m the English and foreign liteiature 
to date, making a total of over 330 cases A comparison of lesults given 
by various writers shows that the percentage of successes, partial suc- 
cesses and failuies is much the same in all senes 

In our expeiience, symptomatic relief fiom oral administration of 
ephedrme was obtained m fiom five to thiity minutes The following- 

o 
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case (no 2) may seive as an illustiation The patient came to the clinic 
during an attack of asthma, with the vital capacity i educed from the 
usual 53 per cent of normal to 20 per cent and a blood pressure of 
115 systolic and 90 diastolic Fifty milligiains of ephedrme were given 
by mouth Five minutes later, the patient had obtained complete symp- 
tomatic relief , her vital capacity was increased to 30 per cent of noimal 
(or by 50 per cent), and her blood pressure was 130 sj'Stohc and 95 
diastolic Fifteen minutes after taking the drug, her vital capacity was 
33 per cent of normal, and her blood pressure was 135 systolic and 95 
diastolic Such prompt action of ephedrme given orally, which has 
already been reported by McDermot, would almost make one look for a 
psychic explanation if it weie not for the fact that complete symptomatic 
lelief w^as accompanied by marked increase in the vital capacity and a 
considerable elevation in the blood pressure, which indicates that the 
action of the drug was responsible for all of these changes (charts 
4 and 5) 

Hypodermic administration of ephedime during acute attacks of 
asthma in two of our patients took full effect in one and one-half and ten 
minutes, respectively) The first of these patients (no 27) obtained 
complete symptomatic relief one and one-half minutes following a hypo- 
dermic administration of 50 mg of ephedime, while the blood pressuie 
increased from 118 S 3 ^stolic and 78 diastolic to 130 systolic and 78 
diastolic m five minutes and remained at this level The second patient 
(no 31), who on previous occasions obtained marked but not com- 
plete relief from oral administration of ephedrme, was seen during 
an attack of asthma when the vital capacity was reduced fiom 89 
per cent of normal to 32 per cent, and the blood pressure was 125 
systolic and 97 diastolic He was given 100 mg of ephedrme hypo- 
dermically m view of his weight (184 pounds), and ten minutes 
later had obtained his maximum but not complete relief from the 
drug The vital capacity at that time had increased to 40 per cent 
of nonnal (or an increase of 25 per cent), and the blood pressure 
had risen to 130 systolic and 98 diastolic Fifteen minutes after the 
first dose the patient received another injection of 100 mg of ephedrme, 
which 111 ten minutes raised the blood pressure to 136 S 3 ^stohc and 97 
diastolic, but failed to give complete symptomatic relief or to increase 
the vital capacity The condition of this patient remained the same for 
over an hour, when an injection of grams (00004 Gm ) of atropine 
completely relieved the residual symptoms (charts 4 and 5) 

At another time the same patient was seen m a more severe attack of 
asthma, which reduced his vital capacit} to 12 per cent of normal, the 
blood pressure being 132 systolic and 100 diastolic This time an injec- 
tion of 0 5 cc of 1 1,000 solution of epinephrine was given to compare 




Chart 4 — Curves showing blood pressure of three asthmatic patients after the 
administration of ephedrine and epinephrine during an attack Number 2 indicates 
the curve for patient number 2 (weight 120 pounds) after the administration of 
SO mg of ephedrine by mouth, number 27 indicates the curve for patient number 
27 (weight 166 pounds) after SO mg of ephedrine hypodermically, number 31A 
indicates the curve for patient number 31 (weight 184 pounds) after 100 mg of 
ephedrine hypodermically repeated after fifteen minutes, and number 31 B indicates 
the curve for the same patient after the administration of 0 5 cc of epinephrine 
hypodermically during another attack The lowest curve indicates the time of 
disappearance of symptoms for each patient The arrow indicates when ephedrine 
was given 



Chart 5 — Curves showing vital capacit}-- of two asthmatic patients after admin- 
istration of ephedrine and epinephrine during attacks Number 2 indicates the vital 
capacity for patient number 2 (between attacks 1 6 liters) during an attack and 
after the administration of 50 mg of ephedrine by mouth, number 31 A indi- 
cates the vital capacity for patient number 31 (between attacks 4 4 liters) during 
an attack after the administration of 100 mg of ephedrine hypodermically 
repeated after fifteen minutes, and number 31B indicates the vital capacity of 
the same patient in another attack and after the administration of 0 5 cc of 
epinephrine hj'podermicallj 
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its action with that of ephediine After the injection of epinephrine 
the patient obtained complete symptomatic lelief in about one minute 
with an inciease in the vital capacity to 40 pei cent of noimal (or by 
333 pel cent) and a blood piessure of 130 systolic and 90 diastolic five 
minutes aftei the injection was given (chaits 4 and 5) 

These two cases seive well to illustrate that the action of ephediine 
given by injection is geneially moie prompt than when the diug is given 
01 ally, but that it is slowei than the action of epinephiine The last case 
IS also a good demonstration of the fact that epinephiine will give com- 
plete symptomatic lelief when ephediine fails to do so This case also 
veiifies the impiession of all who hai'^e used ephediine in the treatment 
of patients with asthma that it bungs about a greater amount of bronchial 
lelaxation, though the exact extent of this cannot be ascei tamed until 
patients with asthmatic attacks of the same severity, as shown by the 
decrease in vital capacity, have been tieated with both drugs on different 
occasions 

Several writeis who have had expeiience with epliedrme theiapy 
lecommend combining ephednne with epinephiine for patients with 
asthma who are not leheved by ephediine alone In the few cases in 
which we have tried such a combination, seveie nausea and vomiting 
occuiied Only one patient benefited tempoiarily by the combination 
of these two di ugs, as ephedi me medication by mouth reduced the num- 
bei of daily injections of epinephiine fiom four to one, but eventually 
he developed nausea and vomiting and had to discontinue the practice 
As furthei evidence of an apparent incompatibility of ephediine and 
epinephiine can be cited the fact alieady mentioned that most of our 
patients in whom marked undesiiable effects of ephediine supervened 
were leceivmg epinephiine up to the time when they were started on 
ephediine In this connection it is mteiestmg to recall that Chen’-” has 
shown by animal experiments that ephediine and epinephiine have a 
syneigistic action Therefore, the possibility must be considered that 
maiked untowaid symptoms m these cases were due to synergism of the 
two diugs, m other woids, that these patients weie leally getting an 
overdose A rather diamatic incident pointing in that direction occuired 
to one of our patients to whom 0 8 cc of a 1 1,000 solution of epi- 
nephrine was given foi an attack of asthma which was paitially relieved 
by 100 mg of ephednne taken twelve hours befoie the injection of 
epinephrine Immediately after the injection, the patient complained 
of a severe suboccipital pain, the onset of which was simultaneous with 
a complete disappeaiance of asthmatic symptoms The blood pressure, 
which was 150 systolic and 104 diastolic just before the injection, rose 
111 one minute to 240 systolic and 110 diastolic, and it took two mhala- 


10 Chen (footnote 1, fifth reference) 
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tions of amyl nitrite and two doses of %oo grams (0 00065 Gm ) of 
nitroglyceiin to bung it down to its pievious level after a peiiod of foity 
minutes A decision on this question can be ariived at after it is seen 
whether smaller doses of ephednne and epinephrine given m conjunction 
will produce sufficient bronchial relaxation to relieve an asthmatic attack 
without causing excessive undesirable effects 

While ephedi me markedly increases the vital capacity during an acute 
attack of asthma, it does not seem to bung about permanent improve- 
ment of the functional capacity of the lungs, as a comparison of readings 
of the vital capacity between attacks before and after ephednne theiapy 
indicates We obtained an average inciease of 02 liters in all patients 
with asthma who were given ephednne in whom such readings were 
taken, which, of course, is negligible m view of the considerable fluctua- 
tions of the leadings of the vital capacity from day to day in asthmatic 
subjects This observation is not astonishing if it is remembered that 
the permanent reduction of vital capacity in asthmatic subjects is pro- 
duced by emphysema for which the asthma is responsible but not by the 
asthma per se 

The only type of asthma in which ephednne theoretically would be 
able to effect an increase of the vital capacity between acute attacks is 
one in which the patient is having a mild spasm of the bronchioles all of 
the time, with exacerbations of this spasm m the form of acute attacks 
An illustration of such a case is furnished by the patient in case 3, and 
the results obtained with ephedrme therapy over a period of six months 
are given in chart 6 When the patient came to the clinic, attacks of 
asthma were continuous day and night, with from four to five severe 
attacks every twenty-four hours She was given a dose of from 25 to 
50 mg of ephedrme three times a day and as ciicumstances required 
The drug completely controlled the individual attacks of asthma but 
unfoitunately caused a number of undesirable sj'^mptoms, namely, nei- 
vousness, palpitation, constipation, diuiesis and marked insomnia if 
taken at night After experimenting for several days, it was found that 
the patient obtained the greatest comfort with the least amount of 
undesirable symptoms when given 25 mg of ephednne twice a day (after 
breakfast and after lunch) , she has been on this dosage for the last six 
months Knowing that we were inteiested in the results of ephednne 
therap}’’, the patient expressed her gratitude to us by keeping a daily 
record of hei attacks, which we have reproduced in chart 6 The chart 
shows not only abrupt diminution of the number of attacks a week after 
ephednne therapy Avas started, but also a more gradual diminution of the 
frequenc} of attacks during the six months while the patient was being 
treated w ith ephednne Three months after the beginning of the admin- 
istration of ephednne, ■when determinations of Mtal capacity were started, 
the vital capacity \vas 54 per cent of noimal The patient’s lung capacity 
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gradually inci eased under treatment, until two months later it had 
1 eached 100 per cent , it has i emamed at pi actically the same level Such 
marked impiovement cannot be explained on the basis of season vaiia- 
tions, since it occurred duiing the months of November and December, 
when California has its lamy season 

We feel that a few woids should be said in legaid to the blood 
piessuie in asthmatic patients who aie leceiving ephednne, because our 
observations in this legaid difter materially fioni those of other workers 
who have made statements to the effect that the blood pressuie is little 
affected in these cases Chen explains this lack of rise in the blood 
piessuie by differences m the pulmonary circulation 



Chart 6 — Chart showing blood pressure, vital capacity and number of weekly 
attacks of asthma in patient number 3 (weight 98 pounds) who was given 
25 mg of ephednne by mouth twice daily for six months The regulaily broken 
line indicates the number of attacks a week, the irregularly broken line, the vital 
capacity, and the unbroken line, the systolic and diastolic blood pressure The 
arrow indicates when the administration of ephednne was started 

On the contraiy, it has been our expeiience to observe rises m blood 
pressure in asthmatic patients that in no way differed in degree, time of 
onset or duration fiom those m patients free from asthma This applies 
to blood piessuie curves obtained after single doses of ephednne, as 
can be seen m the three cuives m chait 4, and also to the moie constant 
increase m the blood pressure level produced by the regular administra- 
tion of ephednne As can be learned by glancing at table 1, the average 
increase m blood pressuie in three patients with asthma, who also had 
hypotension, was 14 mm systolic and 7 mm diastolic as against an 
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a\eiage inciease of 14 5 mm systolic and 4 mm diastolic in four patients 
AMtIi hypotension who were free from asthma 

A notable exception to this rule, which we found to be true in all 
cases in which systematic estimations of the blood pressure were earned 
out, IS presented in case 3, in the course of the last four months on 
ephedime theiapy, the blood pressure of this patient deci eased from 146 
sjstohc and 90 diastolic to 135 systolic and 80 diastolic (chart 6) We 
feel that more obseivations over a longer period of time on this and 
othei patients aie lequired before a definite opinion can be formulated, 
but the possibility of a paiallel between this case, in which prolonged 
administration of ephedrine was carried out, and cases in which marked 
hypotension boi dering on Addison’s disease developed after long con- 
tinued medication with epinephrine, must be kept in mind 

Hay-Fevei — The dosage and frequency of administration of ephe- 
drine for ha}' -fever was the same as for asthma With one exception, 
the drug was given at first by mouth, in two cases, oral administration 
was later supplemented by a 3 per cent nasal spray in order to obtain 
complete relief in one case, oral admmistiation was leplaced by the 
spray to obviate marked untowaid symptoms One patient was given 
ephedrine only by the nasal spray In none of these cases was the nasal 
mucosa iiritated as so often happens after the administration of epi- 
nephrine The results of ephedrine therapy were classified under the 
same headings as those of asthma Of twelve cases of hay-fevei, com- 
plete lelief was obtained in seven (or 58 per cent) , marked to partial 
lelief was gnen by the drug in four cases (or 33 per cent), and complete 
failuie occurred in one instance 

As can be seen from table 3, our experience with ephedime in hay- 
fever IS in fairly close agreement with that of Gaarde,^^ and dififers from 
that reported by Balyeat,^^ who sometimes obtained only transient lelief 
from SAmptoms in his cases of hay-fevei 

Untoward Ejfects — Disagreeable effects from ephedrine medication 
in the form of nausea, nervousness, insomnia, palpitation and, rarely, 
constipation and diuresis AA'^ere met with in 30 per cent of our cases, and 
111 12 per cent these were so severe that the administiation of the diug 
had to be discontinued The undesiiable effects met Avith in the treat- 
ment of patients Avith asthma and hay-feA’^er are classified in table 3 
according to the degiee of sei'^enty, as are also the disagreeable s 3 anptoms 
reported in the literature AvheneA'^er any statements regarding them AA’'ere 
made As pointed out before, the most seA^ere untOAi'^aid symptoms that 

11 Gaarde F W, and Alaytum, C K The Treatment of Hay-Fever AAith 
Ephedrine, Am J M Sc 172 588, 1926 

12 Bah eat, R ISI Use of Ephedrine m Astlima and Hay-Fer^er T 
homa M ^ 20 3 (Jan) 1927 
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we noted occuired in patientb wdio leceived epinephiine np to the day 
when they weie given ephediine It is possible that by combining 
sedatives wnth ephediine medication many ol the nndesiiable effects of 
this diug can be eliminated or at least consideiably lessened 

To investigate the effects of the repeated admmistiation of ephediine, 
Chen gave this diug in dail}’’ doses foi a month to a ntimbei of labbits 
and wdnte lats, and lepoited no pathologic changes at autopsy in an) 
oigans in these animals With a Mew of detei mining whethei aii) pos- 
sible lenal changes take place in man, \\<i began to analyze the mine 
before and aftei ephediine medication Although we. have not done 
this m a sufficient numbei of cases and have not followed om cases in 
this respect long enough, it may be w^ell to mention in a pieliminaiy ivay 
that 111 a gioup of fifteen patients, seveial show^ed led blood cells oi 
casts in the mine aftei being guen ephediine theiapy foi a shoit time 
These obseivations show' that the c[uestion of lenal nutation from 
epliedi me seems to be one w'oi thy of in\ estigation In this connection, a 
lecent aiticle by Stair “ deseives mention He discusses the pioduction 
oi tiansient albummuiia caused by lenal vasoconstiiction aftei the 
admmistiation of ephediine, and makes a statement to the effect that he 
obtained evidence showmig that ephediine is not mtimsically injurious 
to the kidne) , unfoitunately, the natme of this evidence is not given 
Rudolf and Giaham® also do not lepoit signs of renal iiiitation in ten 
of their cases 

ToJciancc — The cpiestion of toleiance to ephediine is mteiestmg 
because ot the gieat similaiy of this diug to epinephiine, lepeated 
administrations of wdiich result in a ceitain tolerance Eridence obtained 
by Chen from expeiiments on animals tends to show' that toleiance 
does not dei'elop aftei repeated admimstiations of ephediine foi a 
month On the other hand, in fi\e patients m om senes of cases ot 
asthma and hay-fe\ei, or m fully 15 per cent of the patients to w'hom 
ephediine was gnen over any length of time, the beneficial effects of 
ephediine have stiff eied consideiable diminution m the couise of time, 
and in four patients m whom complete lelief w'as obtained at first, only 
paitial lehef w'as lepoitcd later, w'hile in one patient m w'hom partial 
lelief W'as afloided at first, the chug ceased to give any relief after a 
short time In addition, tw'O of our patients showed acquired tolerance 
to ephediine by lepoitmg the disappearance of the nausea which at first 
accompanied the taking of the chug In lepoitmg his senes of asthma 

13 Chen (footnote 1, third leference) 

14 Starr, I , Ji The Production of Albuminuria by Renal Vasoconstriction 
in Annuals and in idan. J Expei IMed 43 31, 1926 
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cases in which the patients weie tieated with ephediine, Balyeat^- also 
comments on the fact that in some cases the continued use of the drug 
causes unpleasant elfects to disappear The same experience is related 
by Kammerei m his papei 

OTHER CONDITIONS 

Toxic Eiytheim — Spectaculai results were obtained m a case of 
extensive toxic erythema accompanied by pruritus, as five minutes after 
the patient had taken 65 mg of ephediine by mouth, the eiythema disap- 
peaied, and the itching ceased The erythema recurred on the next day 
over a limited area, but again promptly disappeared after the same 
dosage of ephedrme 

Uihcaua — Ephediine was given to seven patients with urticaiia 
In five of these cases, no improvement was noted eithei in the appearance 
of the rash or in the intensity of subjective symptoms In two patients, 
definite impi ovement was observed, but the time which elapsed between 
the beginning of ephedrme therapy and the relief from urticaria was 
compatible with spontaneous recoveiy 

Two of the patients who failed to improve after the administration 
of ephedrme were given one injection of epmephiine each, and in one 
of them considerable improvement was noted shoitly after the injection 

Miller® IS the only author who has used ephedrme in urticaiia and 
lepoited his lesults m two cases , m one subjective lelief and in the other 
disappeaiance of the lash weie obseived following admmistiation of this 
drug 

Angioneiu otic Edema — Three patients with angioneurotic edema 
failed to react favorably to the administration of ephedrme One of 
these patients impro\ed markedly after two injections ot epmephiine 
Following the injections, this patient was treated with ephedrme, and 
the edema did not recur 

SUMMARY 

Hypotension — Chionic Hypotension Ephedrme, usually m doses 
of 50 mg , three times a day, was given to a number of patients who 
had hypotension , this was followed by a maximum increase m the 
s} stolic blood pressure of between 9 and 46 mm and a sustained average 
elevation m the systolic blood pressuie of 14 3 mm We observed the 
same increase m the systolic blood pressure m patients with normal blood 
pressuie and m those aftected by asthma The diastolic pressure vaiied 
between 10 mm and -j~ 10 mm, with some use m most cases It 
appears that the amount of rise in the systolic blood pressure is mde- 

15 Kammerer, H , and Dorrer, R Kunze Mitteilung uber die Wirkung des 
Ephednne-Merck auf Astlimakranke, iMunchen med Wchnschr 73 1739, 1926 
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pendent of the weight of the patient, hut is constant in the same patient 
and within certain limits roughly propoi tionate to the dose of ephedrme 

Repeated administiations of ephedrme, besides increasing the blood 
pressure level in these patients, impaited to some of them a feeling of 
stiength and well-being 

Acute Hypotension Ephedrme was given to two patients m a state 
of surgical shock In one case the patient lecovered, but, since at the 
same time transfusion of blood and cafteine medication weie given, it 
is haid to tell how much was accomplished by ephedrme The other 
patient died 

Asthma and Hay-Feve) — Thirty-nme patients with asthma and 
twelve patients with hay-fever weie tieated with ephedrme, which seived 
to control the attacks and, when used constantly, to prevent them in many 
instances Ephediine theiapy gave complete relief m 56 per cent and 
paitial lelief in an additional 24 per cent of our cases In 8 per cent of 
the cases, failuies were due to absence of relief, and m 12 per cent of 
the cases to maiked untoward s 3 miptoms 

Oial admimstiation gave relief m oui cases m from five to thirty 
minutes, and h)^podeimic administration acted moie promptly Com- 
pared to epinephrine, ephedrme acted more slowly and less completely, 
the action, however, continued much longei, and in most cases the dis- 
agreeable by-effects of epinephrine were avoided Combination of these 
two drugs in oui expeiience often produced marked untowaid symptoms 

Undesirable effects from ephedrme medication in the form of nausea, 
vomiting, nei voiisness, insomnia and palpitation wei e encountered m 30 
per cent of our cases, and in 12 per cent of the cases these symptoms 
were so severe that the administration of the drug had to be discon- 
tinued Some degree of tolerance to ephedrme was obtained in at least 
15 per cent of our patients 

Other Conditions — In one case of toxic erythema, spectacular 
recovery was obtained with ephedrme In seven cases of urticaria, the 
benefit from ephedrme theiapy was doubtful in two and absent m five 
Three patients with angioneurotic edema failed to improve after the 
admimstiation of ephedrme 

CONCLUSIONS 

1 Ephediine may be of benefit m some cases of chronic hypotension 

2 The results of ephedrme therapy m acute hypotension of shock 
are doubtful 

3 In asthma and hay-fever, ephedrme is of great value, completely 
controlling attacks m about half of the cases and giving partial relief 
m another one fourth of the cases 

4 The advantage of ephedrme over epinephrine are that it is effec- 
tive when given by mouth, that its action is longer, that it does not pio- 
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duce local nutation when given as a nasal spiay, and that in most cases 
undesirable symptoms, such as tiemoi and palpitation, do not occui as 
•vvith epinephrine 

5 Among the disadvantages of ephedime die (o) failuie at times 
to relieve asthmatic attacks when epinephrine is effective and {h) in 
occasional cases, untowaid symptoms which aie more marked than those 
following the administration of epinephrine 

6 The use of ephedime m urticaria and angioneurotic edema is not 
])! omising 



MYCOnC GASTRITIS 
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Since the ihiush oiganism is found in the mouths of a laige piopui- 
tion of noimal peisons (Meike,’- 35 pei cent, Biunstein,- 40 pei cent), 
and gastiic conditions aic particulaily favoiable foi the giowth of the 
\aiious molds (Askanazy '*), it is not suipnsing to leain that the normal 
stomach quite fiequenll} haibois fungi Although Kirch and Stahnkc ‘ 
weie unable to demonstiatc the piesence of molds m the aspnated con- 
tents of the stomach m any of tinily cases, the positive obseivations 
obtained by otheis (Moppcit and Kagen,'"' Cafasso and liaitwich') 
aie sufficient^ conclusne to indicate that the occuiience of fungi m the 
intact stomach, if not unucisal, is at least widcspiead The obsei Na- 
tion of molds in twenty of thiiU-lwo noimal stomachs Mewled 
Cl asset at postmoitem e\<iininations in cases in which contamination 
fiom tlie phannx and esopiiagus was eliminated lends fuithei suppoit 
to this view On the basis of available cxidence, it can be safely assumed 
that when fungi aie picscnt in the intact stomach, they play little if am 
role in the pioduction of gastuc disease In fact, the fiequcncx wnth 
which these oiganisms arc found in stomachs of noimal poisons has led 
to the assumption that thex icpicsent haimlcss sapioplptcs The s>mp- 
loms attiibuted in the oldei liteiatuie, especially befoic the adxent of 
the roentgen lay, to molds xvhich xx'cic found m the aspnated contents 

‘ From the Departments of Mcdicmc and Pathology of the University of 
Illinois College of Medicine 

1 Mcrkc, F Ueber die Beduitung des Soorpil/es fni das chronische 
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3 Askanarj, It! Uebei Ban niul Entsteluing des chronischcn iMagen- 
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5 Moppcit, G G, and Kageii, G Rcchcichcs sin la presence dc imigiiet 
(oidiiim) dans Ic liqindc gastiiquc d’lndividiis norniaux et d’mdividiis attemts 
d’uiccrc el dc cancel do I’cstoniac, Rev mod dc la Suisse Rom 42 505. 1922 

6 Cafasso, K Ueber das Voikomincn des Sooi pikes im Mageiisaftc bcini 
Ulkiis mid bei anderen Erki aiikiingen dcs Magens, Med Kim 18 828, 1922 

7 Ilarlxvich, A Ucbei das Voikonimcn von Soor im chioiiischcn Mageii- 
geschxvur, in h.iniorrhagischen Erosioncn imd Magcncarcmomcn Vnehoxvs Arch 
f path Anat 241 116, 1923 

8 Crasset, icfciied to by ^skana/v (footnote 3, p 456) 
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of the stomach in all piobabihty weie due to undisco\eied independent 
gastric lesions 

Although It is generally agieed that the presence of fungi pei se in 
the intact stomach does not lead to ill effects, opinions concerning the role 
of these parasites when associated with a gastuc lesion vary widely 
The presence of fungi in the walls of the chronic lound ulcer of the 
stomach, an observation made by Hellei ® m 1895, leceived little attention 
until the appearance of Askanazy’s work in 1921 Askanazy was able 
to demonstrate the piesence of fungi in more than one half of his series 
of cases of ulcer, and he ascribed to these oiganisms a role in the main- 
tenance of the chionicity of the lesions’ Notwithstanding the fact that 
some investigators have failed to demonstrate the piesence of molds 
culturally or histologically in a laige pioportion of the chronic ulcers 
they have examined, Askanazy’s woik has received sufficient confirma- 
tion to justify the assumption that chionic nlceis quite frequently 
harbor mycotic oiganisms Whethei a lelationship of cause and effect 
exists between the failure of an ulcer to heal and the fungi found in its 
base or walls is still a mattei of contioversy 

On the basis of extensive and %vell controlled investigation, Askanazy 
was led to assume m his first woik that the fungus did not represent 
an unimportant saprophyte when found in connection with an ulcer, the 
state of which would be identical whethei the fungus was present oi not 
In a subsequent leport,® this author gives the following leasons for 
believing that the mycotic organisms are of pathologic significance 
their exceedingly frequent occuirence in freshly resected ulcers, the 
frequent correspondence in location of the fungi and the inflammatory 
reaction, the often intracellular location of the parasites, repeated 
invasion of the granulation tissue zone by the mycelia, apparent exten- 
sion of the filaments into the blood vessels and even thiough the entiie 
thickness of the gastric wall Support is lent Askanaz}'^ by the observa- 
tions and opinions of von Meyenbuig,^^ Cafasso,® Hartwich," de 
Vecchi and Merke ^ On the othei hand, Nissen,^® Aschoff,^^ 

9 Heller, A Beitrag zur Lehre A'om Soor, Deutsches Arch f klin Med 
55 116, 1895 

10 Askanazy, M Ueber Bau und Entstehung des chronischen Magenge- 
schwurs so\\ie Soorpilzbefunde in ihm, Virchows Arch f path Anat 234 111, 
1921 

11 Von Mejenburg, H Ueber Schimmelpilzerkrankungen der Magenwand, 
Frankfurt Ztschr f Path 23 86, 1920 

12 De Vecchi, referred to by Askanazy (footnote 3, p 462) 

13 Nissen Ueber die Bedeutung des Soorpilzes fur das chronische Magen- 
geschuur, Verhandl d deutsch path Gesellsch 18 283, 1921 

14 Aschoff, L Aussprache zu Nissen, Verhandl d deutsch path Gesellsch 
18 287, 1921 
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Steinbcig,^^ Fiaiilc/*’ and Kiich and Slahnke ‘ in then lespectuc con- 
sideiations of the subject attached little if any significance to the piesencc 
of fungi 111 the genesis oi maintenance of the chionicity of peptic nlcei 
The aiguments pio and con ueie well summaiized by Hausei/' who 
aimed at the conclusion that the piesence of a fungous giowth on the 
flooi 01 inaigms of an ulcei may have some tendency to inhibit its 
healing One should, he stated, assume, howevei, that this inhibitoiy 
efiect is of minoi impoitance as compaied to the influence of other 
factois 

In addition to the gioiip of patients with noimal stomachs, in which 
the role of the fungus is admittedh an insignificant one, and the gioup 
with a simple ulcei, in Avhich the impoitance of tlie mold is questionable, 
theie IS a thud group in uhich chai.ictciistic pathologic lesions aie pro- 
duced, due diiectly to the effect of the fungi piesent The last gioup 
includes patients with tiue m3 colic gastiitis, of which little 01 no men- 
tion IS made in Ameiican 01 Knghbh liteiatuie Einhoin.“ Knapp 
and Kellogg"® dealt with the subject of fungi in aspiiatcd gastiic con- 
tents, but the} did not lefei to actual m}eotic infection of the stomach 
Caiefiil scaicli of the litciatiiie has failed to disclose am lepoits of 
nncosis of the stomach occuiiing in this counti\ 01 in England Theie- 
foie, a icithei detailed leport of the following case of m\cotic gastritis 
appeal s w ai 1 anted 

REPORT or CASE 

IJt^lotv — II R, a white man, aftcil 27, a chauffeur, on Maich 26, 1926, was 
admitted to the Women's and Cliildrcn’s Hospital 111 Cliicigo m the sen ice of 
Dr P M Stcticr, wlio kindh furnished the following clinical account 

On admission the patient complained of jicrsistent lomiting, weakness and 
occasional oozing of blood from the mouth and nose lie stated that three weeks 
prior to entrance, he had had an attack of grip which lasted two wrecks and wdiich 
was accompanied In infrequent nose bleeds A week piior to entrance, he 
returned to work, .ind, on the following da\, he w’as suddenU seized In sc\erc 
cpistaMs while driving his taxicab He was taken to the Cook County Hospital, 
where a posterior nasal packing was introduced and horse serum administered 
The following daj, Maich 22, he returned home, and since that time he had been 
able to retain little fond or water on account of \omiting Blood was not 
seen in the emesis, noi w’as abdominal pain present at any time In addition to 

15 Sternberg, C Aiisspiache /u Nisseii, Verhandl d deutsch path Gcscllsch 
18 286, 1921 

16 Frank, P S Ueber die Bc/ichiingcn des Soorpil/cs /u dem 1 unden 
Magcngcschwur, Wien Arch f inn Med 5 39, 1922 

17 l-lauser, G Infektiosc und infektios-toxische Einfliissc m Henke, F, und 
Lubarsch, O Handbuch der spc/icllcn Pathologischc Anatomic und Histologic 
Berlin, 1926, vol 4, p 736 

18 Emhorn, M The Occurrenee of Moulds m the Stomach and its Probable 
Significance, M Rcc 57 1025, 1900 

19 Knapp, M I Gastrosia Fungosa, Am kled 10 56, 1903 

20 Kellogg, J H Moulds m the Stomach, ]\I New's 77 88, 1900 
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the \ormting, since jMarch 22 he had suffered from slight but daily oozing of 
blood from the inside of the left cheek and occasionally from nose bleeds 

With the exception of the resection of a rib undertaken for empyema fi\c 
years previously and an accident seven months before admission, noteworthj 
information was not obtained from the past history The accident which occurred 
July 17, 1925, was apparently severe, the patient was thrown against the steering 
wheel of his taxicab w’lth such force that the wheel was broken He suffered 
particularly from injuries to the arms and legs, on account of which he tvas 
unable to work for approximately four months Following eating during this 
period, he had occasional attacks of vomiting which usually occurred in the fore- 
noon The attacks lasted only a few hours after which the patient was able to eat 
wnth little discomfort In the family history, it was noted that the patient’s 
mother had died of cancer of the stomach at the age of 35, and that two sisters 
had succumbed to tuberculosis 

Physical and Laboiatoiy Examinations — Physical examination disclosed a 
voung man about 30 years of age, thin, but not emaciated, who appeared to be 
quite ill The temperature, pulse and respiratory rates were normal The essen- 
tial changes consisted of a small ulceration on the anterior portion of the left side 
of the nasal septum covered with a gray exudate and a similar area on the inside 
of the left cheek opposite the last lower molar There was physical evidence of a 
thickened pleura over the base of the left lung at the site of an old rib resection 
The heart w’as slightly enlarged, and the second aortic tone accentuated The 
blood pressure measured 140 mm sj stohc and 90 mm diastolic 

The urine had a specific gravity of 1 029 and contained albumin (-] — h) and a 
few red cells, but no casts The hemoglobin determination was 40 per cent, 
the red cell count 2,600,000 and the white cell count 10,600, 86 per cent of which 
were polymorphonuclears 

Subsequent Coutse and Tieatment — On the morning of entrance, the patient 
\omited undigested food but no blood Nothing was gnen by mouth for forty- 
eight hours, fluids being supplied by hypodermoclysis and proctoclysis Efforts 
to control the hemorrhage from the mouth and nose by chemical and actual 
cauterization proved futile, and a posterior nasal packing ivas required The 
lomiting ceased for twenty-four hours, during wdiich time the patient appeared 
to be lmpro^ed On the second day after entrance, a gastric lavage yielded an 
old blood clot (swallow'ed^) but no recent hemorrhage The following day, the 
patient vomited clotted blood and a small amount of bright red fluid On March 
30, four days after admission, 500 cc of blood was introduced into the patient’s 
\ems, following which he rallied, accordingljq another transfusion w^as per- 
formed on April 5 The patient appeared to improve until April 10, sixteen dajs 
following admission, that day, he vomited bright red blood approximately everA 
hour The emesis continued for a period of tw'enty-four hours, and then prac- 
ticallj ceased The erjthrocyte count dropped to 900,000, and on April 12 a third 
transfusion w'as undertaken Improvement in the blood picture occurred rapidlj, 
the hemoglobin rising from 10 per cent to 45 per cent (recorded the day before 
death), following a fourth transfusion, wdiile the red blood count increased to 
2,000,000 On April 15, the temperature, which preiiously w^as below- 100 F, had 
risen to 102 F Later m the course of illness, physical S 3 mptoms of consolidation 
were elicited o^er the upper part of the right side of the chest, and a diagnosis of 
pneumonia was made The patient became more and more toxic and died on 
Apnl 20, 1926 

Autopsy — The postmortem examination was performed by Dr R H Jaffc, 
whose anatomic diagnosis w-as lobar pneumonia of the right upper and middle 
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lobes (graj hepati 7 ation') high grade chrome diffuse nephritis (secondary con- 
tracted kidnejs^ , moderate anemia, localized micotic gastritis, moderate hj'per- 
troph> of the left \entriciilar mjocarduim, edema of the lungs, hypostatic 
pulmonar\ Inperemia petechial hemorrhages of the omentum, localized fibrous 
perihepatitis fibrous pericholec\stitis slight bilateral h 3 "dronephrosis, and hemo- 
siderosis of the Iner 

Before passing to a detailed consideration of the stomach, it is important to 
knou that the microscopic examination of the kidncvs re\ealcd a far advanced 
glomerulonephritis of sufficient degree to account for uremic manifestations and 
e\cn death 



Fig 1 — Mjcolic gastritis The flat membranous deposit encircling the cardio- 
csophagcal juncture (o) extends distalK o%cr the surface of the stomach (fi) 
\ ioiigitudinal section has been remoictl from the eleiated, ragged excrescence 

(O 


G}o^s Dcscnptioit of llu Stomach — 'V well demarcated, greenish-grai meni- 
branoiis deposit (fig I a) of rather irregular outline, a\eraging about 1 cm m 
width, encircled the cardio-esophagcal jinicture The prolongation (b) of this 
membrane passed distalh o^cr the region of the lesser curialurc of the stomach 
for a distance of 3 5 cm Most of the membrane was firmh attached to the under- 
lying structure, especially on the gastric side, but in some areas it could be rcadih 
separated The deposit uas of uniform thickness and followed the folds of the 
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mucous membrane m its undulations Contiguous with the membranous ring, 
there was found at the lesser curvature just beyond the cardia an elevated, olive- 
shaped, ragged mass (c) which measured 4 cm in length and 1 5 cm in its widest 
diameter , it was situated 1 3 cm above the level of the gastric mucous membrane 
at Its highest point The center of the growth overlay the left gastric artery at 
the point of origin of several of its mam branches The long axis of this mass 
followed the line of the lesser curvature The tissue which comprised this 
peculiar, shaggy prominence was a dirty greenish-gray and was soft, friable and 
irregular The anterior and inferior margins of the growth were sloping, whereas 
the posterior dnd superior margins were slightly overhanging or straight The 
suriace ot the growth, in general, was curved In one place at the antero- 
inferior portion, an area approximately 0 5 cm m diameter was discolored red 



Fig 2— A section taken from the margin of lesion (c), figure 1 The 
necrotic laj^er (a) is delimited by a highly cellular zone (b) beyond which (c, d) 
the inflammatory reaction diminishes in intensity One thrombosed vessel (c) 
can be readilj identified 

bv blood When the growth was sectioned m its longitudinal axis, the greenish-gray 
mass was observed to have coalesced intimately with the mucous membrane, which 
had lost its architecture and could not be identified The structureless tissue 
extended to the muscularis, which appeared to be intact In a transverse section 
of the prominence, the well demarcated borders were more clearly seen , they were 
studded in many places with hemorrhagic extravasations and thrombosed blood 
vessels, which extended into the greenish-gray substance At the anterior and 
inferior margins, where the mass sloped, the structureless, hemorrhagic tissue was 
seen to have insinuated itself between the mucosa and the subjacent la^er, which 
raised the former but did not depress the latter Evidence of previous ulceration. 
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either acute or chronic, could not be found at the site of the lesions mentioned 
The stomach appeared to be unchanged except for the localized involvement 
described 

Mici oscoptc Exauuuafioii — Using a lens of low magnification (fig 2), one 
could distinguish three sepaiate zones in sections taken from the involved areas 
of the stomach Tlie upper (superficial) one (o) consisted of a necrotic mass, 
which in the case of the largest lesion was heaped up far above the level of the 
bordering mucous membrane, and extended downward into the wall of the 
stomach to iinohc, in places, the entire thickness of the mucosa and part of the 
submucosa In sections taken from the regions of the flat deposits, the necrosis 
was seen to be more superficial, rarch reaching to the muscularis mucosae The 
second zone (6), which more or less sharply separated the preiious one from the 
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Fig 3 — Photomicrograph of a thrombosed blood \essel located in the necrotic 
lajcr (fig 2 a) In approximatclj three fourths of the circumference of the wall 
calcific deposits (a) arc found, the rcmaiiimg one-fourth (h) appearing relatneh 
normal 


third, was leprcsented b\ a dense band rich m cellular elements, with some 
hemorrhagic cxtraiasations The third /one (c) was occupied b\ relativch 
normal appearing tissue 

The necrotic zone, w-hen i lewed with a lens of higher magnification, w-as seen 
to be made up of structureless, pink material w-ith many blue-staining foci, situ- 
ated especially in the superficial lajers and consisting of granular masses the 
morphology' of w'hich could not be identified in hematoxylin and eosm stained 
sections The only elements in this area wdneh retained their structure sufli- 
ciently to permit recognition w'cre the blood vessels (fig 2 c), the w'alls of some 
of W'hich w'ere fairly well preserved while others were represented hv mere 



880 


ARCHIVES OF INTERNAL MEDICINE 


shadows Most remarkable, however, was the presence of calcific deposits in the 
walls of a number of blood vessels In one such vessel (fig 3), the deposition of 
lime (a) embraced approximately three fourths of the circumference of the 
vascular wall, while the remaining one-fourth (b) presented a relatively normal 
appearance Recent hemorrhage is indicated by the presence of intact red blood 
cells found more particularly near the surface of the lesion 

The necrotic and the relatively normal zones were separated by an area of 
intense inflammatory reaction which for the most part demarcated the living 
from the dead tissue more or less sharply This limiting membrane was com- 
posed of many round cells, together with a moderate number of polymorpho- 
nuclear leukocytes, macrophages and plasma cells These cells were densely 
packed in some places, and separated by edema fluid and fibrin in other places 
Proliferative changes were not prominent, there were a few spindle-shaped 
fibroblasts, and only slight multiplication of the endothelial cells had occurred 
At the margins of the inflammatory zone, the glandular elements of the mucosa 
showed little evidence of growth Within this demarcating wall, the vessels 
were dilated and distended with blood Rupture of some of the blood channels 
had apparently occurred and was indicated by the presence of free red cells and 
blood pigment 

When one passed to the third zone, a more or less gradual transition to the 
normal was seen, and the reactive phenomena became less and less marked toward 
the serosa, so that this layer and the muscularis appeared to be practically 
unchanged This description applies particularly to the main lesion (fig 1 c) 
Sections taken from areas covered by the flat membranous deposit (fig 1 a, and b) 
showed essentially the same processes in varying degrees of extent and intensity 
Histologic examination of the wall of the stomach at points remote from the 
grossly visible lesions disclosed a diffuse infiltration of the mterglandular stroma 
of the mucosa by round and plasma cells in rather large numbers Although thick 
walled vessels were frequently encountered in the mucosa of the grossly normal 
portions, calcification of the vascular walls was nowhere observed 

In sections stained by the Gram-Weigert method, the surface of the necrotic 
area appeared to be purplish-violet In many places, the violet material extended 
irregularlj into the deeper parts, gradually becoming less dense and finally fading 
out into the fine processes The purplish-violet material, which for the most 
part was limited to the upper half of the necrotic layer, did not extend beyond 
the zone of inflammatory reaction Under oil immersion magnification, it was 
found that the deep-staming masses on the surface were composed of spherical 
bodies of different sizes , all, however, were considerably larger than cocci These 
globoid structures exhibited a distinct tendency to form irregular groups, the 
smallest of which uere composed of from four to sixteen round elements In 
the larger groups, the spheres were often so densely packed as to obscure their 
Individual characteristics Many fine, long threads were found lying between the 
round bodies m the deeper part of the purplish-blue material These filaments 
(fig 4), especially with a change of focus, showed distinct branching (a), which 
for the most part was angular The free end of many of the threads showed 
bulbous thickenings Many of the filamentous elements were made up of round 
granules arranged in linear formation (b) In the deeper parts of the necrotic 
lajer, the spheroidal bodies were lacking, and only the filaments could be seen 
These uere found to invade a number of the small blood vessels, apparently 
having penetrated the adventitial and muscular coats Well preserved threads 
u ere not noted m the lumen of the thrombosed vessels 
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COMMENT 

In the light of the postmortem observations, it appears leasonable to 
assume that the epistaxis and bleeding from the mouth weie to be 
asciilied indnectly to the maiked changes in the kidneys To what extent 
nephritis was lesponsible foi the gastiic s}mptoms and what effect the 
m}cotic gastiitis liad on the function of the stomach weie somewhat 
conjectuial The old blood clot obtained b)*^ lavage perfoimed the 
second day aftei admission to the hospital might well be attiibuted to 
the swallowed blood following the nasal packing The emesis of blood 
clots and a small amount of bright red fluid recorded on the thud day 
aftei entrance could likewise be explained (although with less prob- 



ing 4— Ihrcadlike organisms m the deeper portions of the necrotic area 
One of the filamenls shows distinct branching (o) vhilc sc\erai are granular (b) 

abiht)) on the same basis It is likel), howevei, that the hema- 
temcsis which occuiied houily on Apiil 10 was due to the effect 
of the fungous growth It was this histoi y of vomiting of blood, togethei 
with the appeal aiice of the lesion, which led Di Jafle to diagnose 
mycotic gasti itis at the autopsy table The fungus from the moiphologic 
appearance seemingly belonged to the stieptothnx (Nocaidta) group, 
the spheioidal bodies representing spores {Conidia) and the blanched 
threads, myceha 

GROSS PAIIIOLOGIC LESIONS OF M\L01IC GASPRlilS 

In a suivey of the liteiatuie on mycotic gasliitis, one is stiuck by the 
divers and widely diffeient lesions in the indn idual cases In an attempt 
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at classification, the possibility suggested itself that these various lesions 
might represent different stages in the same process If one reviews 
the separate repoits with this thought m mind, it will be found that 
practically all of the pictures described can be satisfactorily explained 
on one pathogenic basis The essential lesion is a focal mflammator} 
one, associated with vascular damage, which is apparently responsible 
for the accompanying necrosis The development of the mycotic lesion 
finds a somewhat lough analogy m the genesis of the ulcer resulting 
from typhoid The first stage in mycotic gastritis is characterized by 
formation of membrane due to the paiasitic growth, followed by hemor- 
ihagic necrosis of the undei lying mucous membrane, production of 
slough and ulceration 

The membrane may develop in an intact stomach , in that event, 
however, general debility or a catairhal inflammation of the gastric 
mucosa (Maresch-^) is usually present, or the mycotic infection may 
be secondary to a gastric imperfection which favors the lodgment of 
molds on the defective site In a case described by Klebs,-^ microscopic 
examination showed that the patient had an intact epithelium covered b} 
a membiane consisting entirely of fungi Such a case may be considered 
one of primary mycotic gastritis Marchand related that an 18 yeai 
old girl paitook of a dish of decomposed mushiooms which, according to 
this author’s interpretation, led to multiple hemoirhagic erosions, some 
of which weie invaded secondarily by molds It is difficult and at times 
impossible to distinguish between primary mycotic lesions associated 
with hemorrhage and hemoirhagic erosions on which a fungous growth 
has developed secondaiily The cases of gastric ulcer in which the 
piesence of molds can be demonstrated, but in which little if any change 
IS discernible in the gross appearance of the primary lesions, aie not to 
be looked on as instances of mycotic gastritis 

The membrane which forms as a result of the fungous giowth 
lanes in coloi, fiequently being green or gray and at times yellow oi 
white An admixture of brown oi led, presumably due to imbibition of 
blood pigment, is commonly seen The appearance of the membrane is 
similar to that observed in the pharynx and esophagus and, in fact, 
closel} resembles a giowth cultivated on an aitificial medium The 
deposits, which may be hemispherical, aie, as a lule, elevated and flat, 
and often centrally depressed These membranous deposits usually aie 

21 Maresch, R Zur Kenntniss der Soormykose des Magens, Ztschr f Heilk 
28 145, 1907 

22 Klebs, E Handbuch der pathologischen Anatomie, Berlin, 1869, vol 2, 

pt 1, p 20 

23 Marchand Em eigentumhcber Magenbefund (Ulcus gangraenosum durch 
Fadenpilzw ucherung) nach Vergiftung durch verdorbene Stempilze, Verhandl d 
deutsch path Gesellsch 14 183, 1910 
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sharply denial cated fiom the adjacent mucosa and not infrequently are 
sunounded nidividualh b} a naiiow pale img followed by a hyperemic 
hemonhagic cnculai zone The concentiic anangement of the imgs 
gnes the whole lesion the appearance of an iiis 

The size of the individual lesion vanes fiom that of a pinhead to a 
diftiise giowth co\eiing a bioad sin face oi even the entire stomach In 
\on Wahl's -■* case, in which mycotic gastiitis was first leporled, the 
lesions vere jellowish piominences the size of a pinhead and laigei , the} 
V ei e isolated and coalescent and resembled the pustules of smallpox In 
his case, Zalesk^ desciibecl disseminated and confluent gray-white 
hemispheiical and flat piojcctions, \ai\mg in size fiom that of a pinhead 
to that of a lentil, and possessing central umbilication which likewise 
suggested a leseinblance to the piistulai eiujition of canola In Me}en- 
buig's ” thud case, a gioup of tiin pustule-like piominences weie found 
in the stomach of the patient The lesions aie as a lule laiger than those 
described, in most of the cases vaiying in size fiom that of a lentil to 
seceial centimeteis in diametci Two invoiced aieas are leported in 
Marchand*s*‘ case one 2 be 3 ) 5 cm , the othei 4 5 be 6 5 cm , to be piesent 
in the patient Buhl-" i elated that in his case of gastiic and intestinal 
mccosis theie cceic si\tc-tcco foci, caning in size fiom 2 mm to 7 cm in 
diametei Occasional}} a teiiace-hke anangement foimed by several 
colonies is encountered In Lohlein’s -• first case, three such la}eis could 
be laised fiom each othei In Beneke’s-" lepoit, the essential lesion 
consisted of a }ellowish-gieen aiea made up of concentiic deposits sur- 
rounding an ulcerated centei The lesions aic piacticalh alc\'a}s circulai, 
except cchen the} become confluent, in cchich ccent iiiegiilarit} of outline 
results A single exlensice deposit is raid} found In the case of the 
18 months’ old infant lepoitcd by Plaskuda,-'’ the mcmbiane mcolved 
not only the phaicnx and esophagus, but extended be}ond the caidia 
ocei almost the entiie sui face of the stomach to foim a complete gia}- 
biocvn lining of the gastiic lumen Fiom the standpoint of height, a 
great variety in the lesions is noted In Me}enbuig’s “ thiee cases, the 
surface of the membiane extended just baielc aboce that of the sur- 
rounding mucosa, measuiing fiom 0 1 cm to 0 IS cm in height As a 

24 Von Wahl, E Uebtr eiiicn Fall \on ^fjkosc des Alagcns, Vichows 
Arch f path Anat 21 579, 1861 

25 Zalcsk^, N Em Fall ion Soor im -Magcn Virchows Aith f path Anat 
31 426, 1864 

26 Buhl, L A'Bcosis intestinahs, Ztscln f Biol 6 129, 1870 

27 Lohlem, M Ueber Sclnmmelnivkoscn des I^Iagens, Virchows Arch f 
path Anal 227 86, 1919-1920 

28 Beneke, R Em Fall von Schiminclpil/gcschw iir m dcr Magenschlenn- 
haut, Ztschr f Path 7 1, 1911 

29 Plaskuda Hauterkrankungen bci kachcktischen Kmdern 1 Fall von 
Purpura nut ausgebreitcter Soorbildung nn klagcn, Bcil Kim 1 501, 1864 
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lule, the level of the growth appears to be from 0 2 to 0 5 cm In my 
own case, the development is a most luxuriant one, as the level of the 
lesion extended 1 3 cm above that of the mucosa Theie is an extreme 
variation in the number of foci, as lecorded in some of the foregoing 
statements 

Necrosis of the superficial layers of the gastric wall underlying the 
central portion of the lesion occurs relatively early, and is demonstrated 
best in a cross-section (gross as well as microscopic) of the involved 
focus This change is indicated by a cratei formation, which lends more 
height to the margins of the lesion In Buhl’s patient, a prominence 
2 cm in diameter with central umbihcation appeared as though it were 
the seat of a superficial ulcer, a second larger lesion piesented a similai 
appearance The author called attention to the possible deception, foi in 
both instances there was central depression without the loss of tissue 
substance Teutschlaender spoke of a tendency toward lathei than 
real ulceration m these cases, with central necrosis and cratei formation 
As a matter of fact, it is difficult, at times, to decide from the gross 
appearance alone whether the excavation is the lesult of central necrosis 
and depression or of actual sepaiation and extrusion of dead tissue 

The necrotic zone being, as a rule, well demarcated, sloughing readily 
occurs The ulcer which follows is usually a superficial one In von 
Meyenburg’s first case, five umbihcated defects in the mucosa were 
found, two of which were originally covered by black sloughs that were 
loosened in manipulation even though the specimen was carefully 
handled In addition to a single large lesion, 5 cm m diameter, with a 
slightly sunken center, on the wall of the stomach, Mai esch described 
a circumscribed defect which, according to this author, apparently repre- 
sented the site of a previously cast-off slough There were also three 
foci of necrosis covered by delicate deposits only slightly adherent to the 
underlying tissue Lohlem’s second case was that of a patient who 
piesented nine flat, sharply bordered ulcers which for the most part had 
fairly smooth, pale yellow floors Some of these ulcers were circular 
or somewhat oval, others were ii regular, apparently dependent on the 
outline of the cast-off slough, which was not always round In many 
cases, the floor of the ulcer was uneven and shaggy and discolored 
dark red or black by blood, as in the cases of von Reckhnhausen,^^ 
Beneke and others Although the ulceration is usually superficial, 
the necrosis at times extends deep into the gastric wall In Benelh’s 

30 Teutschlaender, O Mucormykose des Magens, Mitt a d Grenzgeb d 
Med u Chir 29 127, 1917 

31 Von Recklinghausen, F Mutiple Nekrosen der Magenschleimhaut, (a) 
Aljkose der iMagenschleimhaut, Virchows Arch f path Anat 30 366, 1864 

32 Benelh Mykose der Magenschleimhaut, Beitr ? Path Anat u z allg 
Pathol 54 619, 1912 



SI \GER— MYCOTIC GASTRITIS 


885 


case, the patent did not have a funnel-sliaped perfoiation, but a diffuse 
peiitonitis was found which this authoi attiibuted to invasion of the 
entile thickness of the stomach wall by fungus 

The gastritis is not focal in all cases Von Meyenbiirg *' related a 
case in which the patient had pueiperal sepsis complicated by a phleg- 
mon of the stomach Micioscopic examination of the gastiic wall 
showed a uidespiead iirvasion of the invoked parts with myceha The 
author assumed the rathei diffuse phlegmonous gastiitis to be on a mycotic 
liasis and secondai) to the uteiine infection Askanazy described a 
case of acute diffuse oidioniycotic gastritis which occurred in a 68 year 
old pel son following the opeiative iemo\al of a pyloric ulcer and a 
gastro-entei ostom\ undei taken font days befoie death The gross 
specimen presented the appearance of a diffuse, hemonhagic, gelatinous 
inflammation In man} instances the mycotic lesions aie not limited to 
the stomach In a c.ise of m}cotic gastiitis reported by Maiesch,^’- the 
]nocess extended to the stomach fiom a caicinoma of the esophagus 
In one of \on Me}enbuigs “ cases, the patient had metastatic abscesses 
on a nucotic basis in the hvei In a number of reports, esophageal 
ln^olvement m the absence of iilceiation in tins oigan is noted, par- 
ticulaih m children (Nauueick.'’* Plaskuda,-'’ Zalesky In a unique 
case, that of Buhl.-'' m addition to the involvement of the stomach, 
duodenum and intestines a marked mesenteiic and retropei itoneal 
hmphadenitis, a hemonhagic penadenitis and a bloody pei itoneal 
exudate wei e found 

MICROSCOPIC APPn\RAXCC IN THIS CONDITION 

From uhat has been said legaiding the variations in the gioss 
.ippearance of mycotic lesions, the degice of micioscopic dissimilaiity in 
the \anous cases can he deduced Here, howe\ei, ounng to the relative 
ease in identification of the pathologic piocesses, the changes m 
the separate lepoits lend themsckes leadily to classification 
Teutschlaendei *" summaiized the microscopic changes found m his 
patient undei the following heads neciosis, cellular mfiltiation, tissue 
piolifeiation, hypeiemia, hemoiihage, edema, exudation of fibrin and 
vascular thiomliosis These piocesses in diffeiing degiees and combina- 
tions represent the alteiations desciibed b} othei authoi s The vaiious 
changes can be grouped undei the title of hemonhagic inflammation 
until thrombotic tendencies 

33 von Veycnliurg, H Ueber cincn Fall von > Faclcnpil/gesclnvuren cler 
MagenschlcimiiaiU mit mctastatischen Abrc'jscn in cler Leber, Virchows Arch f 
path Anat 229 30, 1920 

34 Nauwerck, C Vykotisch-peptischts jMagengeschwur, Vunchen incd 
Wchnschr 42 877 n 908, 1895 
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The membrane, as a rule, consists of intertwining mycelial elements 
which are fiequently branching, often associated with ovoid or globose 
bodies (conidia), together with desquamated epithelial cells, leukocytes 
and cellular debris At times, the moiphology of the fungus is suf- 
ficiently chaiacteristic m the histologic pieparations to permit identifica- 
tion, as in Lohlem’s^" case, in which aerial hyphae canying the 
distinctive fructification bodies led to recognition of the mold as 
Aspergillus fumigatus Accoiding to Castellani and Chalmers,^*'^ the 
fungi often lose their chaiactenstics when growing parasitically in the 
tissues, and only mycelial threads and round and oval yeasthke bodies 
aie seen This statement is borne out by von Meyenburg’s observation 
of a case m which Aspeigillus fumigatus was obtained m culture, 
but the microscopic sections showed only blanching threads and globoid 
swellings devoid of fructification forms 

The epithelial surface underlying the membrane may be intact, but 
most often superficial necrosis is met with, even in the eaily cases The 
zone of necrosis usually coriesponds to the central portion of the over- 
lying membranous deposit, and assumes the form of a blunt wedge with 
the apex directed outward towaid the seiosa The extent of the necrosis 
varies, but it usually does not spread beyond the musculans mucosae 
The membrane due to the death of the parasites also participates in this 
necrosis Within this zone of dead tissue, evidence of hemorrhage, in 
the form of blood pigment both fiee and engulfed, is a prominent 
feature frequently associated with the outlines or shadows of thrombosed 
vessels 

Bordeimg the neciotic zone is a leukocytic wall in which poly- 
morphonuclear forms most frequently predominate Some of these 
cells are laden with blood pigment and fatty detritus Associated with 
this cellular infiltration aie the usual changes of inflammation Par- 
ticularly maiked at times are the proliferative changes involving not 
only the spindle shaped and endothelial cells of the submucosa, but also 
the epithelial elements of the mucosa The distribution of the exudative 
and piohferative changes coi respond roughly to the location of the 
invading molds The depth to which the myceha penetrate diffeis in 
each case, extension to the serosa, as in Ljubimowa’s repoit, being 
exceptional 

Most remarkable in the micioscopic pictuie, however, is the tendency 
of the organisms to invade the blood vessels, presumably leading to 
extensive thrombosis and hemorrhage, which characteiize mycoses of 
the stomach as of other organs The vascular changes, in turn, account 

35 Castellani, A , and Chalmers, A J Manual of Tropical Medicine New 
York, 1920, ed 3 

36 Ljubimowa, \V J Ein Fall von Ulcus ventnculi verursacht durch 
Scliimmelpilze, Virchows Arch f path Anat 214 432, 1913 
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foi the neciosis cn masse of the supeificial layers, which, likewise, is a 
distinctive f eatui e of the typical lesion Lohlein postulated a chemo- 
tactic attiaction foi fungi by the ciiculating blood to account for the 
imasion of the muscle layer of the aiteiial wall by these oiganisms 
The theoiy of the entiance of molds into the blood stream from a 
piimaiy site m the tin oat was invoked to explain the multiple abscesses 
of the biam containing grossly visible mycotic colonies m the case 
desciibed by Zenker^" In the latei yeais, Wagnei,®® and subsequently 
Vogel,'"* weie able to substantiate Zenkei’s assumption by demonstiatmg 
the oiganisms in histologic piepaiations of the walls of blood vessels 
It was not, howevei, until Hellei ° discoveied the presence of fungi m 
one thud of the twenty-five cases he studied that the fieqtiency of 
imasion*of \essels was emphasized The foiegoing lepoits are con- 
ceined exclnsuel}”^ witli phai}ngeal and esophageal involvement 

The first obsenation of vasculai imasion of the stomach by molds is 
Cl edited to Pariot,’® who desciibed this phenomenon m children In 
piacticall}' all lepoits of m 3 'cotic gasliitis, including and following 
Marchand’s lepoil, the piesence of fungi in the walls of the stomach 
was noted Wlieieas tliiombosis is the usual outcome in the esophageal 
vessels, the added dangei of peptic erosion is inclined in the stomach 
Fungi aie held responsible for pi of use hemoiihage m a case repoited 
b} Pick The patient was a woman, aged 44, who, following a septic 
abortion, de\elo]icd hematemesis and melcna The lesion, accoiding 
to Pick, consisted of a small chionic iilcei in the floor of which a stippuia- 
tive pioccss had de\ eloped, which in tuin led to eiosion of a subjacent 
\essel The suppuiation was jnoduced purely as a lesult of mycotic 
organisms, the elements of which could be seen in histologic sections 
invading the aileiial wall Askanazy cited thice similai cases (cases 
IS, 19 and 20) of hemoiihage complicating an ulcei associated with the 
presence of fungi In the stomach of a patient who died from gastiic 
hemoirhage, Meike^ found a penetiating ulcei with an eioded vessel 
The author attiibuted the fatal hemoiihage to the destiuctive effect of 
the branched mycelia which weic found in the aileiial wall In all the 
cases of severe fatal hemoiihage mentioned, the piimaiy lesion appeals 
to have been a chionic lound ulcei m which the base became secondaiilj 
involved by mycotic infection 

37 Voii Zenker, F A Kranklieiteii des Oesophagus, in von Zicinssen 
ITandbuch dcr spe^iellen Pathologic und Thcrapie, 1874, vol 7, p 192 

38 Wagner, E Zur Kcnntnis des Soors dcs Oesophagus, Jahib f Kinderh 
1868 

39 Vogel, A, in von Zicmsscn Handbucli der spezicllen Pathologic und 

Therapic, 1874, vol 7, p 64 ” ^ 

40 Parrot, referred to by Pleller Bcitrag zur Lchrc vom Soor, Deutsches 
Arch f kill! Med 55T16, 1895 

41 Pick, L Arterienarrosion durch Soorpil/e nut todlicher Blutung, ein 
Beitrag zur Kenntnis dor Oidioinykosen, Berl klin Wchnschr 57 798, 1920 
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BACTERIOLOGY OF MYCOTIC GASTRITIS 

Owing to the fact that cases of mycotic gastritis aie so seldom 
recognized before the histologic examination reveals the true nature of 
the disease, bactenologic studies are, as a rule, omitted In a few 
instances, however, cultures have been made from the fresh material, 
or smears or teased preparations have been examined In the case of a 
man, aged 58 , who died fiom carcinoma of the esophagus and mycotic 
gastritis, Maresch^^ was able to cultivate Aspogilhis fwmgatus He 
injected a growth of this organism into rabbits and produced a general- 
ized mycosis In von Meyenburg’s first case, the same organism was 
isolated in pure culture (except for the presence of Bacillus subtihs) 
In the cases reported by Rudnew,'*^ the lesions were invaded by an 
organism identified as Pemcillmm glancum In Kundrat’s case of 
universal favus, lesions harboring the characteristic molds were found 
m the esophagus, stomach and large bowel In the cases of Marchand,”® 
Beneke,^® Ljubimowa and Teutschlaender,^® the fungi were identified 
by morphologic cnteiia as belonging to the mucor group In histologic 
preparations of his first case, Lohlem was able to demonstrate aerial 
hyphae bearing fructification forms indicating an infection with Aspei- 
gilliis fnimgatus It is not to be inferred that m all cases of aspergillosis 
characteristic forms of the organism appeal m the tissue, for m 
von Meyenburg’s “ case, as previously mentioned, although the 
organism was identified culturally, the chai acteristic forms were not 
piesent in the histologic sections which would permit recognition Von 
Meyenburg stated that the higher fungi are found especially m acute 
lesions, and that the lower molds aie more frequently encountered in 
chronic cases In the case herein leported, the circumstances and con- 
ditions under which the autopsy was performed did not permit immediate 
culture It appears from a morphologic study that the causal organism 
belongs to the stieptothnx (Nocaidm) group 

S\ MPTOMATOLOGY 

It IS difficult to formulate a definite clinical picture of a mycosis of 
the stomach, since the disease is usually encountered as the terminal 
event of an independent condition Which manifestations to attribute 
to the primary illness and which to the complicating disease, is m a great 
measure conjectural Kven m cases of primary mycotic gastritis the 
evaluation of symptoms is not an easy task, owing to the frequent occur- 

42 Rudneu referred to bj Petterson, A Zur Frage der Bedeutung der 
Fadenpilze fur die pathologischen Veranderung des Magens Deutsche med 
Wchnschr 28 703 1902 

43 Kundrat, H in Schmidts Jahrbucher Ueber Gastro-Enteritis favosa 
206 253 1885 
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rence of secondaiy bactenologic invasion Clinical lecognition of 
fungus infection of the stomach, as for instance by gastioscopic exami- 
nation 01 at opeiation, which up to the piesent has not been recorded, 
would aid mateualh in identifying the svmptoms due solely to the effect 
of the molds 

From a studv of the lepoits in the liteiature, it ma) be stated that 
m the av erage case in v\ Inch the mycotic pi ocess is limited to the stomach 
the infection does not produce constitutional distuibance \Yhen, how- 
ever, as It occasionally happens, the fungus involvement is extensive, 
the general manifestations may be piofound The svmptoms are those 
of an acute infection, without distinctive chaiactcristics In Buhl’s 
case, the numerous lesions throughout the gastro-intestmal tiact of the 
patient were held accountable, m the absence of othei pathologic 
processes, foi the vomiting, collapse and death of the patient ^t times, 
the gastric mvcosis leads mdiicctlv to svstemic effects bv permitting 
secondaiv invaders to gam entiance into the previously health} tissues 
In one of von Mevenburgs ’’ cases the geneial toxemia suggested the 
clinical diagnosis of tvphoid fevei -Xt aiitopsv, a mvcotic gastritis and 
multiple metastatic abscesses of the liver were found As von 
Mevenbtirg was alile to demonstiatc bacteiia and no fungi in the hejiatic 
abscesses, he consideied the gastiic mvcosis the poital of entiv foi the 
pvogenic organisms that i cached the hvet \ somewhat similai case, a 
mvcotic gastiitis complicated bv a diffuse piiinlent peiitonitis, was 
repoited bv Benelli Clinicall}, the patient piesented gastio-intestinal 
s)mptoms, followed bv evidence fif pciitonUis \t autopsv fungi vv'eie 
found in the gastiic lesion, but not in the ])ciitoiieal exudate The 
author consideied the fungus infection of the stomach as the primai) 
lesion thiough which the entiance of bacteiia into the jientoneal cavity 
occurred In those cases in which an independent infectious process is 
present, as for instance in pneumonia, which existed in mv own patient, 
a consideration of all the facts is necessarv befoie assignment of 
svstemic svmplonis to anv single cause is in.idc 

In regard to the local manifestations difficult} is likewise encoun- 
tered m attempting to segiegate the symptoms jiiodnced b} the invcotic 
from those lesultmg from a concomitant condition Zaleskv icpoited 
the case of a bottle-fed infant who died with gastro-inlestinal svmptoms 
on the eighteenth da} of its life The wiitei asciibed the vomiting and 
diarrhea to the extensive mvcotic involvement found at the aiitops}. 
although if one leads the clinical histoiy, the possiliilitv of a piimai} 
nutritional disturbance to account foi the symptoms leadily suggests 
Itself In my own case of mvcotic gastiitis, the explanation of the 
hematemesis, in view of the associated high giade nephritis and the 
history of bleeding fiom the nose and mouth, is by no means unequivocal 



890 


ARCHIVES OF INTERNAL MEDICINE 


As Teutschlaender pointed out, the vomiting, especially the vomit- 
ing of blood, IS the only symptom that can be assigned to fungus infection 
of the stomach The finding of molds in the aspirated gastric contents 
IS in Itself of little diagnostic importance, but when associated with 
repeated vomiting of small amounts of blood, it might lead to the sus- 
picion that a mycotic gastritis was present When the hematemesis is 
severe, the underlying lesion is more likely to be a peptic ulcei, in the 
floor and walls of which fungi may or may not be present 

SUMMARY 

From what has been stated regarding the relatue rarity of mycotic 
gastritis, its occurrence most frequently (in the light of present knowl- 
edge) as a terminal event or complication and the inability to detect 
its presence by ordinary diagnostic methods, it is to be concluded that 
the condition is of little clinical importance One gams the impression, 
howevei, that a final decision legarding the role of fungi, in primary 
and secondary disease of the stomach, should be withheld until further 
data have been accumulated It is striking that in so many cases the 
nature of the lesion is recognized only aftei careful study In a case in 
which death followed resection of a duodenal ulcer, Lang identified a 
leptothiix, appaiently from the ulcer, as the cause of the pylephlebitis 
and cholangitis that contributed to the patient’s death Just how fre- 
quently the presence of fungi is overlooked in similai cases is difficult 
to estimate The indications are that molds are lesponsible for man} 
infections m which bacteria are incriminated More frequent routine 
search for fungi as well as for bacteria would aid m determining the 
frequency and importance of mycotic organisms m gastric disease 

44 Lang, F J Durch Leptothnx-Infektion bedingte Lebermfarcierung in 
einem Falle von callosem Ulcus duodeni, Virchows Arch f path Anat 234 367, 
1921 



THE rOSSIBLE INCREASE OF GUANIDINE IN THE 
BLOOD OF CERTAIN PERSONS WITH 
1-IYPERTENSION ' 

RALPH H MAJOR, AID 

AND 

C J WEBER 

KANSAS CIT\, KAN 

In <i leccnt communiuitiun ' wc clesciibccl a method foi the deteinn- 
nation of guanidine bases in the blood, and noted that ceitam i:)atients 
siiftenng fiom aiteiial In pei tension showed highei values than did 
noimal peisons 

Since this publication, the woik has been eaiiicd foiwaid and a 
dclinite iinpio\emcnt in the method has been achic\ed Ihe method 
difleis fiom that pievioiish dcsciibed in that the guanidine bases aie 
absoibcd by blood ch.iico.il fiom a liltiate made slightl} alkaline, and 
subsequenth aie icleascd fiom the chaicoal by means of acidified alco- 
hol The details of this method ha%e been dcsciibed elscwheie,- but a 
summaiN of it will be gi\en befoie discussing the lesults obtained 

MLi non 

(1) NilroprussulL itMgttU 
Stock solution 

10 per cent sodium lulroprussuk 
10 per cent potassium fonicv<muk 
10 per cent sodium livdi oxide 
Mix 

1 lohimc 10 pel cent sodium nitroprussule 
1 volume 10 per cent potassium fciric\anidL 
1 volume 10 pet cent sodium lodroxulc 
Add 3 volumes of water to 1 \olume of the mixed le.igent 
'i lie reagent is rcadv foi use when the color lias changed to a pale lellow, 
wliicli takes ahouL tweiiti minutes One cubic continieter of the reagent is 
employed for every 5 ec of the solution to be tested This reagent will 
ordinarilv keep for twelve lionis, hut if a turbidity develops aftei a few hours a 
fresh solution should be made for use 

(2) Blood chaicoal — Alerck’s — puiiried In acid 


*Froin the Depaitmcnt of Iiitunal Medicine, The Umvcisity of Kansas 
School of Alcdicine, Kansas City 

1 Major, Ralph li , and Wcbci, C J The Probable Presence of Increased 
Amounts of Guanidine in the Blood of Patients with Aiterial Hypertension, Bull 
Johns Hopkins Hosp 4L0 85, 1927 

2 Weber, C J The Deteimmation of Guanidine Bases m the Blood Proc 
Soc Fxper Biol & Aled 24 712, 1927 
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(3) Acidified alcohol— 95 per cent alcohol containing 2 cc of normal hydro- 
chloric acid per hundred cubic centimeters 

(4) Standard guanidine solution 

Stock 

Dissolve 0 1542 Gm of guanidine carbonate solution in 100 cc of 0 1 normal 
hydrochloric acid and add a few drops of chloroform as a preservative This 
solution contains 1 mg of guanidine per cubic centimeter 

Standard 

Ten cubic centimeters of the stock solution made up to 1,000 cc with distilled 
water gives a solution containing 0 01 mg of guanidine per cubic centimeter 

Procedure 

Twenty cubic centimeters of blood are precipitated with tungstic acid as in 
the regular Folin-Wu procedure (The two-thirds normal sulphuric acid is 
added first and then followed by the tungstate which enables one to obtain 
SO cc of filtrate more quickly ) Eighty cubic centimeters of the filtrate is taken 
and 6 drops (04 to 0 5 cc ) of 10 per cent sodium hydroxide added, followed by 
0 5 Gm of blood charcoal (This may be added by means of a spoon, which 
delivers the proper amount — a 4 inch horn spoon is suitable ) The charcoal is 
brought into suspension by shaking and after two to five minutes, the mixture is 
filtered through a 9 cm folded filter, care being taken to avoid loss of charcoal 
The flask is drained as completely as possible, but the charcoal is not washed 
After the filter paper has drained for five minutes, the charcoal and filter paper 
IS put back into the same flask from which filtration was made Twenty-five 
cubic centimeters of the acidified alcohol is now added and the flask corked 
tightly and shaken vigorously to bring the charcoal into suspension The shaking 
should be repeated several times during the two hour period so that the charcoal 
is left in contact with the alcohol The charcoal may be left in contact with 
the alcohol over night, when the yield will be slightly greater 

The charcoal is filtered from the alcohol, and 20 cc of the alcoholic filtrate 
IS evaporated to dryness on a water bath (Care must be taken not to produce 
charring The safest plan is to keep the temperature of the water bath just 
below boiling and to assist the evaporation with an electric fan ) 

The residue is taken up in 7 cc of water One cubic centimeter is set aside 
for the creatine determination and 1 cc for the creatinine determination One 
cubic centimeter of the nitroprusside reagent is then added to the remaining 5 cc 
The solution is poured into a centrifuge tube and centrifuged for about two 
minutes, to throw down the slight flocculant precipitate which forms at this 
point The supernatant liquid is decanted into a colorimeter cup and read 
against the appropriate standard which was prepared simultaneously with the 
unknown 

Standard tubes 

Four tubes containing 2 cc, 3 cc, 4 cc and 6 cc of the standard guanidine 
solution are each made up to 10 cc, and 2 cc of the reagent is added If neces- 
sary, an extra tube containing 10 cc of the standard guanidine solution mav 
be added 
Calculation 


Standard set at 20 

20 mg in standard 

bj by 21 9 = 

Reading of unknown 2 


mg of guanidine bases calcu 
lated as guanidine per hundred 
cubic centimeters of blood 


Since creatine produces some color with this reagent, it is necessary to make 
a correction for it When making the creatine estimations on final filtrate, a 
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correction of 0 12 must bo applied Thus, if the reading is 1 mg of guanidine 
and the creatine content of the final filtrate is 2 mg per hundred cubic centi- 
meters, the figure 2x0f2 = 0 24 must be subtracted from 1 mg The correct 
reading then would be 0 76 mg of guanidine 

This ptocedure diffeis slightly from the method desciibed by Webei,' 
since the cieatine estimations foi the collection aie made on the final 
filtiate, instead of on the Fohn-Wii filtiate 

Although cieatinine may pioduce coloi with this reagent, the devel- 
opment of coloi IS much slower than in the case of guanidine If the 
reading is made t\ithin fi\c minutes of mixing the solution, the coloi 
pioduced by 1 mg of guanidine is as great as that pioduced by 400 mg 
of cicatinmc The amount of creatinine in not mat blood does not 
intci fere with the leadings Ciealine, on the contraiy, deielops the 
color lapidl}, and a collection must always be made for its ])iesence, as 
stated The coloi obtained after collection foi cieatine is not due to 
cieatine, since it persists aftei conveision of creatine into creatinine by 
autoclaMiig 111 an acid solution We have not, howe\ei. lemoved the 
cieatine before making detei mmatioii, since exjieiiments ha\e shown us 
that autocla\ing also diminishes, to some extent, the color gnen to the 
blood filtrate to which a kno\Mi quantit) of guanidine has been added 
Uiea IS not piescnl in the final filtrate and does not cause inteiference 

We ha\e tested the accuiac} of this method In the addition of known 
amounts of guanidine to the blood and have found that the a\erage 
rccoAciN has been (Ss pei cent when amounts ^ arming fiom 0 2 mg to 
1 0 mg ]iei hundied cubic centimeteis wcie added The recoveiy is as 
high as 75 to <S5 ])ei cent, when amounts as small as 0 2 to 0 3 mg pei 
hundied cubic centimeteis were employed — a pcicentage of recovery 
higher than In the oldei method Because of ])ossiblc vaiiations in the 
chemicals cmplojed and particulaily m the blood chaicoal, a scries of 
recoveries have been earned out with each new batch of chemicals 
before employing the method 

The lesults obtained m a senes of thiity-five jicisons noth noimal 
blood prcssuies aie given in table 1 The avciage guanidine leading 
obtained in these patients has been Oil mg pei hundied cubic centi- 
meters Vaiiations have been fiom 0 02 to 0 19 mg Neaily one half 
of these readings showed less than 01 mg pei hundied cubic centi- 
metcis These values aie somewhat lower than those gnen by the 
previous method, although it was stated at that time that the acemate 
estimation of amounts low^ci than 0 2 mg pei hundred cubic centimeteis 
could not be made by the oldei method 1 he modification of the method 
gives clearei filtrates wduch are moic easily lead, and peimits the esti- 
mation of smaller amounts 

c 
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A senes of readings in patients with arterial hypertension, most of 
them being cases of “essential hypertension” is shown in table 2 The 
series also includes some cases of nephritis with nitrogen retention 
The table shows that although some of the patients with “essential 
hypertension” show normal values, the majority of the patients with 
“essential hypertension” show some increase over the normal “giiani- 

Tablc l—Gnamdine Readings Obtained in a Senes of Tlmty-Five Pet sons with 

Notmal Blood Picssute ^ 


Pro Guanidine 

Blood tein Crea Uric Guanidine Cor- 

Xo Age Pressure Xitrogen tinine Creatine Acid Beading rected EemarlvS 


1 

40 

120/70 

35 3 

2 

36 

110/80 

31 5 

3 

35 

UO/SO 

261 

4 

47 

132/80 

33 3 

5 

29 

128/82 

308 

6 

21 

120/86 

308 

7 

39 

120/86 

32 4 

8 

40 

134/90 

333 

9 

59 

120/70 

286 

10 

43 

110/80 

32 0 

11 

26 

120/80 

34 7 

12 

37 

108/86 

32 0 

13 

60 

104/76 

34 8 

14 

36 

100/70 

40 0 

15 

54 

154/84 

308 

16 

47 

100/58 

35 6 

17 

18 

100/54 

363 

18 

48 

120/80 

320 

19 

46 

122/84 

26 6 

20 

48 

154/90 

307 

21 

40 

150/90 

276 

22 

50 

94/54 

34 8 

23 

50 

122/86 

40 0 

24 

42 

122/84 

43 0 

25 

50 

146/74 

30 5 

26 

23 

90/60 

24 5 

27 

28 

110/104 

27 6 

2S 

27 

103/62 

21 5 

29 

47 

140/80 

29 2 

30 

30 

125/95 

41 5 

31 

68 

150/80 

350 

32 

26 

122/80 

25 7 

33 

40 

135/90 

345 

34 

70 

150/86 

30 3 

35 

40 

160/100 

36 0 


13 

30 

28 

24 

1 25 

39 

28 

25 

1 15 

36 

2 36 

26 

1 4 

46 

50 

5 

125 

32 

34 

26 

1 4 

30 

41 

25 

1 3 

30 

37 

24 

14 

31 

3 46 

24 

1 36 

28 

364 

36 

14 

38 

2 53 

36 

14 

47 

266 

4 

1 3 

46 

266 

32 

125 

36 

285 

38 

13 

32 

175 

38 

13 

37 

216 

38 

125 

3 75 

32 

39 

1 2 

38 

24 

36 

125 

32 

216 

38 

13 

38 

312 

32 

125 

37 

2 76 

35 

125 

42 

2© 

33 

125 

36 

2 76 

36 

14 

36 

296 

38 

13 

46 

36 

43 

1 25 

37 

26 

31 

1 1 

41 

S3 

33 

12 

40 

36 

31 

1 3 

43 

20 

36 

13 

49 

3 46 

38 

15 

40 

43 

43 

1 4 

4 1 

41 

38 

20 

37 

31 

32 

12 

38 

24 

24 

12 

25 

36 

24 

13 

46 

27 

47 


06 

02 

04 

22 

06 

07 
06 
(S 
10 

13 
12 

04 
16 
19 
16 

17 

14 

18 
12 

13 

08 

14 
16 

15 Thrombo angitis obliterans 
09 

05 
07 
11 

09 

19 Lipoid nephrosis cholesterol 
500 
13 

10 
02 
03 
11 


* Blood chemistry in milligrams per hundred cubic centimeters of blood 

dine values, while the patients with nephritis and nitrogen retention 
show marked increases in “blood guanidine ” 

These observations suggest the importance of two pertinent inqunies 
Are the slight increases in the group of “essential hypertension” of any 
significance ^ Can the increase in “blood guanidine” in chronic nephritis 
be due to an error of the method in oxidizing the increased amounts of 
creatinine present in the blood of these nephritic patients into methyl 
guanidine'^ 
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We have studied the hist question by obseivmg the inci eases m the 
blood guanidine produced by the injection of sufficient amounts of 
methyl guanidine sulphate to elevate the blood pressure These observa- 
tions ■were made on six dogs and three of the curves aie shown in 
figures 1, 2 and 3 

Table 2 — Guanidine Readings in a Sates of Patients zvith Aitaial 

Hvpci tension 


Pro Guanidine 




Blood 

tern 

Ciea- 


Uric 

Guanidine 

Cor 

- 

No 

Age 

Pressure 

Nitrogen tinine Creatine 

Acid 

Beading 

reeled BemarLs 

1 

54 

180/120 

40 0 

16 

56 

50 

57 

41 


Z 

50 

156/110 

35 7 

1 3 

49 

31 

44 

27 


S 

38 

200/134 

33 3 

1 4 

52 

40 

44 

28 


4 

74 

176/110 

300 

13 

40 

33 

22 

13 

Marked arteriosclerosis 

5 

70 

192/130 

37 0 

13 

31 

41 

33 

16 

Marked arteriosclerosis 

6 

40 

176/110 

375 

20 

45 

54 

36 

09 

Diabetes 

7 

48 

190/112 

350 

1 5 

48 

41 

42 

13 

Carcinoma of breast 

8 

72 

175/110 

29 0 

1 4 

38 

24 

28 

04 

Arteriosclerosis 

9 

51 

194/130 

860 

36 

51 

53 

65 

39 


10 

40 

180/130 

315 

12 0 

56 

53 

1 1 

67 

Chronic nephritis 



170/120 

183 

18 5 


80 

24 

23 

Chronic nephritis uremia 

11 

27 

200/140 

978 

83 


4 7 

49 

28 

Chronic nephritis 



200/140 

89 0 

11 

14 

39 

67 

54 

Chronic nephritis 



180/130 

770 

87 

67 

50 

94 

45 

Chrome nephritis 

12 

45 

210/100 

33 0 

12 

30 

27 

38 

2 


13 

47 

180/120 

30 0 

11 

29 


38 

21 


14 

63 

196/98 

310 

13 

27 

32 

33 

12 

Aortic insufBciency 

15 

34 

180/110 

287 

13 

50 

33 

4 

1 


16 

44 

185/120 

28 0 

12 

38 

36 

48 

25 


17 

48 

144/80 

48 0 

17 

45 

51 

6 

33 

Hemiplegia cardiac failure 

18 

67 

190/130 

39 6 

14 

45 

3 46 

34 

07 


19 

30 

160/120 

37 0 

3 

33 

2 75 

38 

18 


20 

57 

178/124 

375 

24 

3 

32 

43 

25 


21 

65 

180/120 

33 0 

1 3 

42 

61 

32 

26 


22. 

55 

178/95 

35 0 

1 3 

37 

47 

32 

25 


23 

66 

214/130 

365 

1 1 

32 


44 

28 


24 

24 

160/110 

188 0 

13 7 

23 


16 

1 3 

Chrome nephritis uremia 

25 

66 

214/130 

36 5 

1 1 

32 


44 

28 




220/134 

330 

1 3 



42 

3 


28 

35 

240/140 

910 

4 9 

51 

61 

46 

15 





156 0 

96 

10 

94 

1 2 

68 


27 

42 

190/120 

920 

4 3 

35 


46 

25 




170/110 

310 

1 2 

62 


56 

3 


28 

47 

180/120 

40 0 

19 



62 

48 


29 

68 

234/130 

33 0 

12 

56 

4 1 

55 

29 


30 

32 

255/145 

30 0 

1 5 

43 

36 

31 

14 


31 

54 

180/120 

34 0 

12 

46 

6 

31 

19 


32 

43 

180/120 

30 0 

16 

53 

38 

27 

10 


33 

42 

170/110 

31 0 

1 5 

51 

49 

36 

17 


34 

39 

240/130 

35 3 

18 

4 

4 9 

33 

22 



(» 

200/130 

710 

26 

35 


33 

2 



* Blood chemistrj m milligrams per hundred cuhie centimeters of blood 


The cuives show that a blood guanidine inciease from 0 14 to 0 28 
mg per hundred cubic centimeteis may be sufficient to pioduce a marked 
elevation m blood pressure Such values are no higher than those 
obtained in many patients with aiterial hypertension and suggest 
strongly that the increases noted in certain hypertensives, if they are 
really due to guanidine, are sufficient to produce an elevation in blood 
pressure 
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Fig 2 — Cur\c drawn from complete tracing of an experiment There w’as a marked elevation of 
blood pressure w ith onh moderate increase m blood guanidine 



Fig 3 — Observation similar to figure 2 Note the sudden fall m blood pressure, accompanied by a 
lowering m blood guanidine, then a subsequent rise Such fluctuations are not uncommon The 
explanation of them is not apparent 
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The possible conversion of cieatniine into methyl guanidine by the 
method with a resulting erroi m the patients having high blood creati- 
nine, was studied in a series of experiments In these experiments, 
definite amounts of creatinine (Eastman) were added to samples of 
blood which were then examined for guanidine by the method described 
in this article The results are shown m table 3 

These observations show that the added creatinine does not produce 
change in the color reaction as compared with the conti ol until the blood 
creatinine i caches the high value of 20 mg per hundred cubic centi- 
meters or moie The increase in the final blood “guanidine” value with 
20 mg of creatinine per hundred cubic centimetei s is only 0 1 mg , so 

Tablf 3 — Results of a Seites of Evpenments m Winch Cieahmne is Convcitcd 

Into Methyl Gnanidme 



Creatinine 




Added per 




Hundred Cubic 


Blood Guanidine 

Blood Xo 1 

Centimeters 

Re iding 

(uDconected) 

Normal 


(1) 

0 43 

Normal 


(2) 

0 44 

Normal 

5 mg 

(1) 

0 42 

Normal 

5 mg 

(2) 

0 43 

Normal 

10 mg 

m 

0 44 

Normal 

15 mg 

(1) 

0 44 

Normal 

25 mg 

(1) 

05 

Normal 

S5 mg 

(1) 

0 54 

Blood No 2 




Normal 


(1) 

OSS 

Normal 


(2) 

0 33 

Normal 

10 mg 

0) 

086 

Normal 

10 mg 

(2) 

0 37 

Normal 

10 mg 

(3) 

0 38 

Normal 

10 mg 

(-1) 

0 38 

Normal 

20 mg 

(1) 

0 51 



(2) 

0 47 



(3) 

0 50 


it seems impossible that the high guanidine values in patients 10, 11 and 
24 were due to the increase in blood creatinine in these patients 

We have studied four patients with uiemia, all of whom have shown 
high guanidine” blood values In one patient with uiemia, not included 
in this senes because of a difference in the method of determination, the 
high blood guanidine” of 3 mg per hundred cubic centimeters was seen 
In dogs, we have fiequently seen convulsions after the injection of 
methyl guanidine sulphate when the blood showed 1 mg guanidine per 
hundred cubic centimeters, or higher This suggests that if the increase 
in the color reaction in the blood of these patients with uiemia is actually 
due to guanidine, it may be present in amounts sufficient to pioduce 
toxic effects such as convulsions 

We realize that we do not have any proof that the color reaction in 
the blood is due to guanidine The reaction is, however, given by 
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giuimdine, which is a piessoi substance We have found increased 
amounts in fifty obseivations on patients snffeiing from arteiial hypei- 
tension, including six cases of fiank nephritis The final pi oof that this 
coloi icaction is due to guanidine can only come wnth the isolation of 
guanidine fiom the blood, and if it is piesent only in the small amounts 
indicated by the coloi imetiic examination, such isolation will piobabl) 
be extiemely difficult 



EXPERIMENTAL OBSTRUCTIVE JAUNDICE 

I GROWTH FACTOR IN DEFECTIVE CALCIFICATION ^ 

WILLIAM C BUCHBINDER, MD 

AND 

RUTH KERN, MS 

CHICAGO 

It IS our purpose to present m this paper the roentgenographic evi- 
dence of a high grade osteoporotic condition developing in the long 
bones of jaundiced puppies and to give further data on the blood 
calcium of these animals The results obtained from a study of several 
litters enable us to present a more comprehensive report and to sub- 
stantiate the observation made recently ^ that a fairlv uniformly pro- 
gressive calcium deficiency occurs during this early period of growth 
Whereas progressive loss m weight and cachexia obtain for the jaun- 
diced adult animal, the young one shows a progressive gam in weight 
which IS appreciable at the time of death, although emaciation may have 
supervened Investigators m this field have limited themselves entirely 
to a study of the adult animal, and extended work has not been carried 
out on the very young It seemed advisable, therefore, to investigate 
further the disturbances which might be expected to arise m the growing 
young animal with its low storage of calcium 

METHODS 

These experiments extended over a period of twelve months Five 
litters, comprising twenty- four puppies from 8 to 10 weeks old, were 
used The puppies in two litters were allowed to live their span of 
life after the induction of jaundice, and those in three litters weie used 
for another set of experiments before the twentieth day of jaundice 
(thyroparathyroidectomized) Four control animals were kept One 
of the animals on which operation was performed served as an excellent 
control in that it reestablished a bile flow to the intestine through 
regeneration of the bile passages The common duct was divided 
between ligatures in nine animals , eleven in addition to this had their 
gallbladders removed 


Read before the American Physiological Society, Rochester N Y April 14, 

1927 

* From the Nelson Morris Fund and the John D and Fannie K Hertz Fund 
of the Michael Reese Hospital, the Nelson Morris Institute for Medical Research, 
and the Department of Physiology of the University of Chicago 

1 Buchbmder, W C , and Kern, Ruth Blood Calcium Deficiency in Experi- 
mental Obstructive Jaundice, Am J Physiol 80 273 (April) 1927 
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The animals weie allowed to run fiee m a room They weie 
taken outdoois almost daily foi a short while, even dm mg the wintei 
months Then diet consisted of vaiious kinds of meat, raw and 
cooked, dog biscuits, cooked vegetables (including tomatoes) and 
cooked ceieals Oiange juice was added to the diet The animals were 
allowed a hbeial quantiU of milk (3 quaits to five animals) Dining 
tiansient peiiods of anorexia, milk constituted then chief diet The 
animals weie allowed to eat as much as they desired 

A recoid of the animals’ iveights was kept Deteiminations of 
blood calcium w ere made at the beginning of the expei imeiit and during 
the period of jaundice at inteivals of fiom ten to twent}’^ days The 
Kiamei-Tisdall - technic ivas used, and duplicate determinations iveie 
made, except m feiv instances Roentgenogi ams of the fiont extremi- 
ties of all animals iveie made at the beginning of the expei iment 
They were taken in thiee htteis of the puppies fiom sixteen to eighteen 
days aftei the induction of jaundice, m two litters, betiveen the sixtieth 
and seventieth dai of jaundice 

Electrocaidiogiams weie made of the animals of the lattei group, 
and an accurate lecord was kept of the pulse lates The results 
obtained from this part of the expet iment ivill be published as a 
separate leport 

RESULTS 

An examination of the data given in tables 1 and 2 (chaits 1 and 2) 
foi nineteen jaundiced puppies aftci twent) days of induced jaundice 
did not reveal significant changes m the blood calcium level, although 
there ivas a suggestion of loiveiing At this time the gam in bod}^ 
weight (nine animals) amounted to 16 pei cent The animals shoived 
definite signs of impaned nutrition and weie slightly less active than 
the normal contiols They acquired a distaste for certain foods, and at 
times their appetites were capricious Geneially it ivas equal to that 
of their nonjaundiced mates, and it ivas often voiacious Vomiting 
was rarely noted The stools were clay colored, and often liquid and 
spotted with blood 

An increase in body iveight ivas noted up to the sixtieth day, at that 
time amounting to 66 per cent (five animals) The peicentage of 
decrease in the blood serum calcium ivas almost equal to that of the 
gam 111 body weight (56 6 pei cent deciease m blood calcium for four 
animals) Not only was theie a complete absence of neuromuscular 
irritability, but theie was some degiee of apathy At this time, a greatly 

2 Kramer, B , and Tisdall, F P A Clinical Method for the Quantitative 
Determinations of Calcium and Magnesium in Small Amounts of Scrum and 
Plasma, Bull Johns Hopkins Hosp 32 44 (Feb ) 1921 
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increased growth of skeletal structures was noted (fig 1) Between the 
seventy-fifth and one-hundredth day the animals did not fare so well and 
lost weight Although marked emaciation may have supervened before 
death, their body weight was considerably above that at the time jaundice 

Table 1 —Calciimi Dctci mmatwii foi Calcium in Blood Sei iim of 

laundiced Ptcppies 



Initial 




Days After Induction of Jaundice 





Cal 

cium 

10 20 

20 30 

30-40 

40 50 

50 60 

60 70 

70-80 

80 90 

90100 

100 no 120 130 

Queenie 

13 2 


121 



9 5 




96 



Gretchen 

118 


119 



93,87 







Whitcfoot 

'"116 


12 0 


111 



10 9 


119 



Sandy * 

12 9 


12 3 


10 9 



115 


118 



Sarah * 

10 2 


80 


70 

t 

67 


10 8 

10 3 



Bimbo 

10 5 

10 i 


SO 









Hike 

10 2 

99 

88 



70 

51 



50 

70 

62 

Doe 

13 2 


118 

Died during the second operation 





Marj 

121 

10 8 



82 


78 



82 



Bubbles 

99 


67 


58 


71, 5 4 






Average 

lie 

10 4 

10 4 

80 

70 

85 

64 



83 

70 

62 


* Control animals 

t Jaundice clears up, urine free of bile pigment Autopsy levealed reestablishment of bile 
flow to the intestine 


Table 2 — Dctei minations foi Calcium in Blood Set wm of Puppies Jaundiced fi oni 
Sixteen to Eighteen Days (Animals JVeie Then Thyi opai afhyi otdccfomiaed) 



Initial Calcium 


Ann * 

11 7 

14 4 

Cinder 

10 5 

141 

Tan 

101 

116 

Wolf 

10 2 

111 

Cinderella 

99 

95 

Bob 

85 

85 

Brovmie 

13 4 

96 

Spotty 

118 

10 3 

UJvsses 

12 0 

97 

Hermine 

12 7 

97 

Tippy 

124 

101 

Ear 

116 

113 

Sacro 

112 

87 

Averages 

11 2 (13) 

10 0 (11) 


* Control animals 


was initiated They finally showed signs of severe chronic intoxication 
Alternating periods of ascites and hydiemia with dehydration states 
were noted in two animals This probably most readily accounts 
for the rise in the blood calcium in the last stages of jaundice (table 1, 
dogs 1 and 10) They also developed a relative tachycardia with 
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inveision of the T-^\ave of the electrocai diogi am In this respect, 
tlie eftects of piolongeci obsti active jaundice appeal to be cumulative 
Roentgenographic studies made on thiee litteis in which the ani- 
mals weie jaundiced foi twent\ days did not leveal any changes m 
bone densit} oi stiiictuie, the\ "weie altogethei like those of the controls 
Roentgenogi.im^ taken from sixt\ to seventv days aftei the induction 



Chart 1 — Decrease in blood scrum calcium with an increase in body weight m a 
litter of animals The broken line indicates the calcium, and the unbroken line the 
weight Numbers 11 S and 9 W show the curNcs for the control dogs The § 
indicates the duision of the common duct in control dogs The ordinates 
represent milligrams of calcium per one hundred cubic centimeters of blood and 
pounds of bod\ weight Each division of the abscissa represents three days 

of jaundice disclosed a high giade raiefaction, cortical thinning with 
relatively wide medullary spaces and a lack of contrast generally This 
IS best shown by a compaiison of the metataisal bones of the jaundiced 
animals with those of the contiols (figs 2, v3, 4 and 5) 
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REVIEW OF LITERATURE 

Since the first quantitative studies of the calcium balance in obstruc- 
tive jaundice by King, Bigelow and Pearce were published,® a number 
of reports have appeared on the blood calcium m jaundice Although 
numerous methods have been employed, results obtained point almost 
uniformly to constant and noimal calcium values Snell, Greene and 
Rowntree ^ found a practically constant and normal calcium value, and 
Snell,® using the Kramer-Tisdall technic, found that the blood calcium 
remains well within the normal range m many jaundiced patients and 


xs 

±r 

l<o 

IS 

13 

12 

LI 

10 

9 

8 

7 

6 


Chart 2 — Composite graph of the calcium and body weight curves The 
ordinates represent pounds in bod}' weight and milligrams of calcium per one 
hundred cubic centimeters of blood The hollow circle and broken line indicate 
the calcium The curve marked C C shows the calcium for the control dogs 
and that marked J C , the calcium for the jaundiced dogs The solid circle and 
unbroken line indicate the body weight (for only two animals) The abscissas 
represent days after the induction of jaundice 



3 King, J H , Bigelow, J E, and Pearce, L Experimental Obstructive 
Jaundice, J Exper Med 14 159 (Aug) 1911 

4 Snell, A M , Greene, C H , and Rowntree, L G Diseases of the Liver 
II A Comparative Study of Certain Tests for Hepatic Function in Experi- 
mental Obstructive Jaundice, Arch Int Med 36 2?3 (Aug ) 1925 

5 Snell, A kf Personal communication 



J''ig 1 — Grow til of skeletal structures is evident in the dogs at either end of 
the group that were jaundiced seventy-five days Both dogs have marked ascites 
The animal in the center is a control 1 he three are litter mates Roentgenogram 
of the dog m the left is seen in figuie 4 



i ig 2 — >»ormaI physiologic depositions of lime salts the result of growth 



Fig 3— Normal physiologic depositions of lime salts the result of growth 
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animals The observations of Koechig,® Halvorson, Mohler and Berg- 
heim/ who used other methods for determinations for calcium, are in 
agreement with the foregoing 

The quantitative studies of King, Bigelow and Pearce disclosed a 
loss of calcium from certain of the tissues, notably bone and lieait, and 
an increase in the calcium of the blood The bone of the jaundiced dog 



Fig 4 — Roentgenograms of the prejaundiced state and that sixty days after 
the induction of jaundice A comparison of the metatarsals of these animals 
and those shown in figures 2 and 3 reveals a distinct thinning of the cortex, 
relatively wide medullary spaces and a lack of film contrast 



Fig 5 The same conditions are illustrated here as in figure 4 

showed a striking loss, which pointed to this organ as furnishing most of 
the calcium to combat an intoxication Hypercalcemia in jaundice has 
not been noted b}'^ subsequent investigatoi s, nor have we been able to 

6 Koechig, I The Calcium Control of the Blood in Pathologic Conditions, 
J Lab & Clin Aled 9 679 (July) 1923 

7 Halvorson, J O , klohler, H K , and Bergeim, O The Calcium Content 
of the Blood Serum in Certain Pathological Conditions, J Biol Chem 32 171 
(Nov) 1917 
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find any lefeience to othei quantitative studies applied to skeletal struc- 
tiiies in this state Then finding of a loss of calcium m the heart thiows 
some doubt on the accuiacy of then eiitiie woik since, m his researches 
Colhp disclosed a special affinity of this oigan for calcium m hyper- 
calcemic states following the use of his extiact 

The pioneei woik of Rohiig’’ in investigating the cai diovasculai 
eflects of hile lesulted in the conclusion that hile owes its toxicity to the 
bile salts Most investigatoi s have been of this opinion King and 
Stewait” piesented evidence that the toxicity of bile is due to the 
pigment, and afioided some evidence as to liow calcium may seive the 
organism m a plusiologic and piotective fashion They showed that 
the lethal dose of iincombincd pigment coiiesponded almost exactly 
to the amount of pigment m the lethal dose of whole bile, and that 
when a piepaied calcium hihveidinate was injected into the cii dilation, 
toxic etTects weie absent IMore lecently, Walteis and Bowlei,^- study- 
ing the late of excietion of calcium chloiide in the jaundiced and noi- 
mal animal, showed a maiked avidit) of the foimei foi calcium It 
lequiied about two times the amount of injected calcium to laise the 
blood calcium level of the jaundiced animal to the same level as that 
of the 1101 mal one in spite of the fact that the blood calcium content 
w'as piacticallv the same in the jaundiced and not mal animals befoie 
and aftei the injection ol a lethal dose This suggested to these authois 
a calcium deficiency th.it w'as not appaicnt 

COM AinKT 

'1 he nutiitional state of oui animals vaiied at the beginning of the 
expel iment, .ind it was common to note lachitic changes Some of 
the animals developed cietinoid chaiacteis (fig 6 ), lint an increase m 
the length of long bones wxis always obseived The i oentgenogi ams 
revealed this m all instances Giow'th potentialities of animals of mixed 
bleeding even though of the same httei aie factois that have to be 
leckoned wnth, especially in designating contiols Theie is, howevei, 
a constant sti iking contrast in the calcification piocesses of what w^e 

8 Collip, J Pi ITarvev Lectures, Baltimore, Williams &. Wilkms Company 
1925-1926, p 142 

9 Rohrig, A Arch d Heilkundc, 4 385, 1863 

10 Since the manuscript was completed, Horrall has reported his conclusion 
that the only toMC agents in bile are the salts of the bile acids (Plorrall, O H 
Toxicity of Bile, Am J Physiol 81 486 [July] 1927 ) 

11 King, J H, and Stew^art, H Effect of the Injection of Bile on the 
Circulation, J Exper Med 11 673 (Sept) 1909 

12 Walters, W , and Bowler, J P The Preoperative Preparation of Patients 
with Obstructive Jaundice An Experimental Study of the Toxicity of Intra- 
venous Calcium Chloride Used in the Preparation of Patients, Surg Gynec Obst 
39 200 (July) 1924 
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have assumed to be normal physiologic giowth and those occurring in 
the jaundiced animals of the same litter Quantitative methods need to 
be applied to determine whether the changes in bone are the result of 
lysis, 1 e, the removal of calcium fiom bone alieady formed, or of 
actual but deficient deposition of lime salts into an inci eased matrix 
We have enumerated the chief mtiinsic factors operating m the 
production of the faulty calcification as follows (they are concurrent, 
and It IS difficult without quantitative data to evaluate them) First, 
the total body calcium in the animals used m the experiment is small 
Sherman and MacLeod have shown that in mice there is an increase 
111 the percentage of body calcium from 0 25 to 0 6 pei cent after the 
fiist fifteen days of existence A correspondingly longer interval for 



lug 6 — Animal jaundiced 100 days Note the cretenoid characters This 
animal dev^eloped bilateral bone cysts (fig 5) 

such an increase could be expected in the dog Second, a grave metabolic 
disorder is present , osteoblastic tissues should have an extremeh 
unfavorable environment in which to build bone Third, there is an 
intestinal factor, the effect of the exclusion of bile from the intestine 
apart from the serious digestive disturbances that arise Finally, there 
IS a growth factor , new bone production exceeds the lapidity with which 
lime salts are deposited 

The normal blood calciums that obtain in the adult animal throughout 
the course of obstructive jaundice when the same serious digestive 
disturbances arise would speak against any great defect in the capacity of 
the intestine to absorb calcium In the young animal that has been 
jaundiced twenty days, significant changes in the blood calcium level 

13 Sherman, H C , and MacLeod, F L The Calcium Content of the Bodj" 
in Relation to Age Growth and Food, J Biol Chem 64 429 (June) 192S 
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aie not noted If changes in the skeletal stiuctures of the adult animal 
occur in late obstiuctive jaundice, such obseivations have escaped 
clinical lecognition On the othei hand, the seveie osteopoiosis that 
de\elops in the animal with a peisisting fistula of the biliaiy tract is 
well established Pan low and his co-woikeis noted this, and moie 
recently ^^'’hlpple called attention to the thinning of the bone, the loss 
of inoiganic salts and a tendency to spontaneous fiactuie m this condi- 
tion Osteoporosis has also been observed in man ivith fistulas of 
the gallbladdei Total exclusion of bile fiom the intestine is the only 
thing obMOush in common m the two gioss distui bailees of the biliaiy 
tiact, in obstiuctne jaundice, a letentioii of the biliaiy constituents in 
the blood and tissues follow's Such evidence w'ould tend to suppoit 
the idea that a close relationship exists betw^een the extrahepatic func- 
tions of bile and the metabolism of bone In the young animal, m 
which anabolic piocc'^ses piedominate, peihaps the loss of vitamins, 
antirachitic factors, and possibly the absence of some catahtic agent 
normall}' piesent in bile, ma\ also pla} impoitant idles in the production 
of faulty calcification 

A slight lowering of the calcium m the blood seium is to be noted 
Unity da}s after the induction of jaundice At this time the loentgeno- 
gram does not leAeal significant changes in the density of bone structuie 
although quantitative studies might disclose such changes The high 
degiee of raiefaction paiallels the maiked low^eiing of the blood calcium 
aftei fiom forty to fifty da}s of induced jaundice It might therefoie 
be aigued that heie, as in other states of calcium diain, the stiuctuial 
changes are secondaiy The belief that some idle of the paiathyioids in 
maintaining free fiom tetaii) those animals wuth low' calcium values, the 
animals exlnbiting not the slightest neuiomusculai iiiitabihtA' but 
actually some degree of apathy, would fuithei suppoit the notion that 
such a mobihration had occuiied Calcium \alues in the blood might 
still leinain low as a result of eithei inci eased excietion oi some jnecipi- 
tating mechanism ahead} mentioned The pi ogiessiveness of the cal- 
cium deficiency also calls foi an explanation, even though we aie in the 
lealms of speculation Sendioy and Hastings^’ concluded that ‘hve aie 

14 Pawlow' Tin Lalioratoruim gemaclitc Bcobaclitungcn uber die Knoch- 
cnforshungbeim Iliinde, Verbandl d gcscllsch Russ Aci7tc 7u St Petersburg 
72 314, 1904 

15 Whipple, G II The Origin and Significance of the Constituents of the 
Bile, Phj'siol Rc\ 2 440 (Julj) 1922 

16 Seidel, H Permanente Gellcnfistel und Osteopoiosc bciin I^Icnscheu, 
IMiinchcn med Wchnschr 39 2034, 1910 

17 Sendroy, J , Tr , and Hastings, A B Studies of the SolubiliU of Calcium 
Salts III The Solubility of Calcium Carbonate and Tertiary Calcium Phos- 
phate under Various Conditions, J Biol Chem 71 797 (Feb ) 1927 
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clcsling' with 3. complex S3’'steni sdjusted. to function undei norinsl condi- 
tions in such a manner as to furnish the organism with the optimum 
(Quantity of calcium whercvei and whenever it is needed In the mam, 
the underlying mechanisms for the causation of the blood calcium 
deficiency and defective calcification seems to be closely related to 
growth and nutiition, and both are piogiessive fiom the time of the 
induction of jaundice If there is a lelative curtailment of calcium 
assimilation necessaiy foi growth processes early m the period of 
jaundice, it is reasonable to assume that the organism is drawing on its 
resources in the bones, even though their endowment is small It 
would be difficult to establish a sudden breaking point for absorption 
of calcium late m the peiiod of jaundice on the basis of pathologic- 
anatomic grounds The progressive lowering of calcium m the blood 
seium occurring at a time of maiked growth of the bones is highly 
suggestive We would, therefore, suggest that uncalcified bone is 
formed as the result of the production of new bone at a late which 
exceeds the rapidity with which calcium phosphate is deposited, but that 
there occurs an actual but deficient deposition of lime salts into this 
inci eased bone matrix 

SUMMARY AND CONCLUSIONS 

A fairly uniformly progressive calcium deficiency occurs in the 
blood serum of jaundiced puppies during the period of giowth 

The progressive lowering of the blood calcium is attributed to the 
deposition of lime salts into an inci eased matrix rather than to a 
bieaking point in the intestine resulting in progressive failure of calcium 
absorption 

The maintenance of normal calcium values in the early stages of 
jaundice may be due to mobilization, namely, bone lysis 

The roentgenograms disclose a marked degree of larefaction sixty 
days after the induction of jaundice This is manifested by cortical 
thinning, relatively wide medullary spaces and a lack of contrast gen- 
erally After twenty days of jaundice, significant changes in bone 
density or stiucture do not occur One animal developed bilateral 
cysts in the bones 

The four intrinsic factors in the production of faulty calcification 
are small calcium storage, the presence of a disturbed metabolic 
condition unfavorable to osteogenesis , an intestinal factor in which the 
absence of some catalytic agent in bile may be most important, and 
production of bone which exceeds the rapidity with which lime salts 
are deposited 

The observations made in these experiments, together with such 
other evidence as we have, lend support to the idea that the extra- 
hepatic functions of bile are closely related to normal bone metabolism 
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TiiL I^IinicxL Dii’ARiMiM 01 iiiL UNiinD States Arm\ in thc World War, 
VoL XI, SbRonn, Part 1, Gfmral Surgrry, Orthopcdic Surgrry, Neuro- 
SuRGRRi Pp l,v300 with 600 illustrations Washington, D C Govern- 
ment Printing Office, 1927 

This vohinie is beautifully bound and printed, and the illustrations are 
lavishly scattered through the pages 

As a historical voiU thc book will be of great value While containing 
little that IS original, cvcr\ phase of war surgery is covered by a real expert, 
usuallj the one whose special studies form the basis of the present view's 
Most of thc material is slightly rewritten fioni former scattered publications, 
but it is well reorganised into a carefullj knit unit and forms a clear record 
of thc war experiences of a number of scientists 

After two chapters on thc material of war, effect of gunfire, etc, an enormous 
section on statistics follows, which is remarkable for its completeness Every 
war injury is tabulated and classified and page after page of tables show the 
morlalitr and morbIdIt^ <iiid other details of various trpes of w'ounds and 
iractiires 

In the section on general surgerj special praise is due to Yates for thc 
clear and concise summarv of the newer knowledge of dealing with wounds 
of thc chest Much clinical and expciimcntal work is cited, and this new' field 
111 surgerj IS thoroughh corcred The lessening of thc mortality from such 
wounds following thc introduction of modern methods is striking 

Dc 'larnowskr’s article on “Surgerr at thc Front” is also of great worth 
and eould well scree as a guide in some future war to organize a medical 
sere ice from thc trenches to thc base hospital 

The section on orthopedic surgeie is adequate but not of great interest on 
account of the fact that thc war brought about but few changes in this tjpc 
of work Thc mechanical aids to surgerj, howcecr, are w'cll described and 
their use explained 

Part 3, neurosurgerj, is thoiough and contains articles of Cushing, Frazer, 
Pollock and otlicis In this field manj additions to our know'ledge w'crc 
gained b\ intensne stud\ and thc section is therefore of great interest 

Thc final chapter In Huber dealing with his experimental w'ork on nerve 
regeneration is wortln of highest praise, as is thc w'ork of Pollock on 
peripheral injuries 

A great section of thc volume is taken up by thc studies on w’ound shock 
and thc methods of combating w’ound shock This w'oik w'as largely done 
111 collaboration w-itli a number of physiologists I^Iuch of the experimental 
work was done hastily under thc stress of active w'arfarc and is perhaps rather 
inconclusive However, it is thc vast experience of a great many surgeons as 
w'cll catalogued in a symposium on this matter and it cannot fail to be of 
great ^aluc to fiirthei military surgeons Indeed, thc w'holc book seems to be 
more of a history than a scientific contiibution, and in this field it is doubtful 
if thc object could have been any better achieved 

Tradajos -i Pum icacioni s — Dr La Clinicia By Prorrssor Pi dro Escudero 
Price, $12 Buenos Aiics El Atenco, 1925 

This is the fourth volume of the collected publications of thc Escudero 
Climes, and serves to call attention to thc cnoimous amount of high class 
scientific w'ork being contiibutcd in thc schools of oui sistci republic 

The work opens with a detailed report covering about 150 pages of eight 
cases of Ayerzas’ disease, thc syndrome given rise to by sclerosis of the 
pulmonary arteries Thc thoroughness and completeness w'lth which these 
cases of ‘‘black cardiacs” w'ere studied is commendable Every means known 
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to medical science was applied and the syndrome can now be stated to have 
been placed on a firm basis so that diagnosis should be made in every case 
While many of the articles m the book are of this type, i e, meticulously 
and carefully detailed case reports, they compare favorably with any that I 
have ever seen 

The article on hyperglycemia and that on gerodermia may be placed in 
this category 

Escudero himself, in a short report, presents a very interesting and new 
conception of the pathogenesis of Banti’s disease He believes that the primary 
lesion IS a chronic penspleenitis This penspleenitis by itself mechanically 
gives rise to aplastic anemia with leukemia and a mild nucleosis, and the 
enlargement of the spleen in turn brings about a hepatic sclerosis, thus com- 
pleting the picture of Banti’s disease He has observed cases illustrating 
each stage of this condition and is rather convinced that syphilis is an element 
in Its etiology A good deal of the work is of a negative nature, but never- 
theless IS important 

A parental administration of casein is shown by Peco to have no effect 
on the hyperglycemia of diabetes 

Puchulu shows that the administration of insulin has little, if any, effect 
on the course of hyperthyroidism, and Izzo also shows that insulin has no 
effect on the course of tuberculosis of the lung, and that the treatment of 
tuberculous diabetes b> insulin has no effect on tuberculosis 

The volume is lavishly illustrated with photographs, roentgenograms, 
electrocardiagraphs and other charts, and represents indeed a monumental 
work to be produced in one year 

Manual of Materia Medica for Medical Students By E Q Thornton. 
Price, §4 50 Pp 384 Philadelphia Lea & Febiger, 1927 

This book of 384 pages is essentially a catalogue of drugs listed in the 
U S Pharmacopeia with a brief statement of origin and general character 
of the drugs It is essentially an enlarged model of Useful Ditigs (A M A) 
and, as stated m the preface, does not attempt to present to the medical student 
a pharmacologic basis underlying clinical usage of the drugs Such a book 
as this appears to be entirely uncalled for and would seem to have no place 
in the teaching of modern pharmacology and therapeutics to medical students 

Overcoming Tuberculosis An Almanac of Recovery By Gerald B 
Webb, M D , and Charles T Ryder, M D , Colorado School of Tubercu- 
losis, Colarado Springs, Colo Third edition, revised Cloth Price, §2 
Pp 81, charts additional New York Paul B Hoeber, Inc, 1927 

This IS the third edition of the former work “Recovery Record , for Use in 
Tuberculosis, by the same authors The title has been changed and certain 
minor changes and additions have been made It is a valuable compendium 
or the tuberculous patient, and sufficient charts are appended to allow a daily 
record to be kept for over two years ' 
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